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Surface mining is a commonly used method for extracting coal in the Appalachian Coalfields 
of the U.S. This mining practice produces excess spoil or overburden, which is often placed 
in adjacent valleys resulting in the creation of valley fills. These valley fills bury headwater 
streams, which in turn can negatively impact downstream ecosystems. In 2008, the 
University of Kentucky designed and constructed 1,020 m of ephemeral, intermittent and 
headwater streams on an existing valley fill (Guy Cove) as a proof-of-concept. The goal of 
the project was to evaluate whether or not a stream recreation could occur on mined lands, 
particularly a valley fill. The hydrograph characteristics discharge volume, peak discharge, 
discharge duration, peak time, lag time, and response time were evaluated from three 
watersheds: (1) unmined, forested watershed (control), (2) partially restored watershed with 
the intermittent stream (Guy Cove), and (3) a mined watershed with an unrestored stream 
(valley fill with traditional mined land reclamation practices). Results from four years of 
monitoring indicate that the created intermittent stream at Guy Cove is hydrologically similar 
to the control during storm events; however, differences were noted for base flow. A new 
stream restoration design technique, which combines natural channel design and furrow 
irrigation design protocols, was investigated. 
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CHAPTER 1:  INTRODUCTION 
1.1 INTRODUCTION 
In 2013, surface mining accounted for 51% of the total tonnage of coal mined in 
Kentucky (KEEC, 2014). As seen in Figure 1.1, surface mining involves (1) clearing and 
grubbing to remove trees and other vegetation, (2) removal of unconsolidated material and 
overburden above the coal seams, often through the process of drilling and blasting, (3) 
extraction and transport of coal, and (4) replacement of overburden in an effort to restore 
the general topographic shape of the mountain (e.g. AOC or approximate original contour) 
though not necessarily to the original elevations (NRC, 2007; KGS, 2012). The process of 
extracting the overburden involves blasting large rock into smaller fragments meaning the 
amount of void space in the overburden, and hence the volume of the overburden, can 
increase as much as 20 to 25% (Hawkins, 1998). The steep slopes characteristic of the 
Appalachia Coalfields prevent the return of excess overburden to the mine bench. Instead, 
this excess overburden is commonly disposed in adjacent valleys resulting in the burial of 
headwater streams (USEPA, 2011b). Between 1985 and 2001, the U.S. Office of Surface 
Mining (USOSM) estimated that approximately 1,191 km of headwater streams were lost in 
Ohio, West Virginia and Kentucky due to the placement of overburden in valleys (USEPA, 
2011c). Burial of headwater streams results in loss of ecosystem services such as water, 
sediment and organic matter inputs to downstream reaches and habitat provision for aquatic 
and terrestrial species (Vannote et al., 1980; Gomi et al., 2002). The surface mining process 
through blasting, removal and replacement of overburden transforms low permeable 
bedrock into highly permeable spoil resulting in the loss of perched aquifers, which once fed 
many of these headwater streams (Callaghan et al., 2000; USEPA, 2010a; USEPA, 2011b).   
Economic factors related to an abundant supply of natural gas (EIA, 2015) and 
production costs of dwindling coal reserves (USGS, 2003; MACED, 2009) coupled with 
regulatory actions initiated by the USEPA (USEPA, 2003; USEPA, 2011c) have helped lead 
to a significant decrease in surface mining of coal in eastern Kentucky (KYDNR, 2015). 
Despite the recent downturn in coal demands, the need to restore headwater stream systems 




Figure 1.1: Surface mining includes (a) clearing and grubbing the area (Calonius, 1974), (b) 
drilling and blasting the overburden (USGov, 2006), (c) removal of overburden, (d) removal 
of coal, (e) backfilling the mine bench, and (f) revegetation. 
 
 (a)  (b) 
 (c)  (d) 





Restoration of headwater stream systems often involves the use of natural channel 
design techniques (NCD). NCD is an iterative process that begins by identifying the 
appropriate bankfull discharge and channel dimensions such as cross-sectional area, width 
and mean depth with the aid of regional curves (Doll et al., 2003; Hey, 2006; USDA-NRCS, 
2007), which relate these bankfull characteristics to drainage area. Historically, these curves 
have been developed using physiographic regions which are based on landform (Fenneman, 
1917).  Castro and Jackson (2001) observed that factors like climate and ecoregion could play 
a role in regional curve development. Chapter 2, begins looking at the addition of climate in 
regional curve development by using the concept of hydrologic landscape regions (HLR) 
which incorporates landform, geology, soil properties, and climate in the identification of 
watersheds (Wolock et. al, 2004).  It is hypothesized that with the use of HLRs a set of 
regional curves could be developed that will aid stream restoration practitioners in the design 
process by providing design characteristics that might otherwise be difficult to determine in 
regions that have been severely disturbed by anthropogenic activities such as mining. 
From mid-2008 to early-2009, the University of Kentucky constructed nearly 1,020 
m of ephemeral, intermittent and perennial streams at Guy Cove. Guy Cove is a valley fill 
created during the 1990’s by the American Electric Power Kentucky Coal mining operation 
which extensively mined the Hazard 7 and 9 coal seams (Figure 1.2) (Agouridis et al., 2009). 
The restoration process also resulted in the creation of 0.1 ha of vernal pools along with a 
treatment wetland and the planting of 30,000 trees on 16.2 ha. From 2010 through 2013, the 
restored stream was monitored with regards to geomorphology, hydrology, water quality, 
vegetation, and habitat. This dissertation looks at the hydrologic effectiveness of the design 
and reconstruction of the intermittent stream at Guy Cove, attempting to answer the 
question of whether the created intermittent stream will function similarly to a headwater 
stream in an unmined, forested watershed. One method of answering this question is with a 
paired watershed study (Clausen and Spooner, 1993). 
The Guy Cove watershed is geographically located near two forested watersheds that 
have been undisturbed by mining, Falling Rock and Little Millseat. Both of these watersheds 
have served as reference watersheds in various studies (Cherry, 2006; Witt, 2012; Maupin, 
2012; Weatherford, 2014). However, in 2009 an extreme storm event (>50-year, 24-hour) 
caused some serious damage to the forest in which these watersheds are located.  In order to  
17 
 
Figure 1.2: Guy Cove valley fill (a) prior to stream reconstruction, (b) four months after 







use one or both of these watersheds for comparison to Guy Cove, it was necessary to 
determine if the damage caused by the storm impacted the hydrologic characteristics of the 
watershed (Chapter 3). After that analysis, a reference reach was chosen for comparison to 
the stream reconstructed at Guy Cove, which is discussed in Chapter 4. 
During the surface mining process at Guy Cove, bedrock was fractured and an 
unconsolidated fill consisting of approximately 240,000 m3 of overburden was created. This 
unconsolidated fill, which ranges between 5 and 40 m in depth, coupled with increased pore 
space in the overburden allows water to flow more easily through it as compared to 
consolidated material (Hawkins, 1998). As such, an unsaturated zone exists between the 
created intermittent stream and the groundwater table suggesting that infiltration may occur 
at a constant rate into the valley fill material (Brunner et al., 2011; Brunner et al., 2009).  
Recreating hyporheic exchange in such headwater stream systems is a challenging process 
particularly in a stream system disconnected from the groundwater table (Peterson and 
Wilson, 1988; Agouridis, 2009).  Chapter 5 begins the process of looking at techniques for 
assessing the volume of water infiltrating into the fill from the reconstructed stream. 
Stream restoration, such as at Guy Cove, seeks to improve hydrologic, geomorphic, 
and ecological processes in degraded watersheds (Bennett et al., 2011). Restoring these 
processes requires understanding their interconnectedness (Kauffman et al., 1997). As seen 
in the Stream Functions Pyramid, restoration of aquatic communities occurs when the more 
basic functions of hydrology, hydraulics, geomorphology and physiochemical have been 
restored (Harman et al., 2012). According to Harman et al. (2012), the foundation of 
restoring streams involves reestablishing hydrologic functions such as precipitation-runoff 
relationships and flow duration. Understanding how to restore headwater streams, 
particularly ephemeral and intermittent ones, on mined lands is a critical step to replacing 
lost ecosystem functions in the Appalachian Coalfields. Ephemeral and intermittent 
headwater streams provide numerous benefits to downstream reaches (Vannote et al., 1980; 
Gomi et al., 2002) and are not always replaced through compensatory mitigation projects 
related to mining (Palmer and Hondula, 2014). Assessing the hydrologic performance of the 
restored stream system at Guy Cove will further our understanding of how to reestablish lost 




The goal of this study was to aid in the development of techniques for restoring 
headwater stream systems on surface mined lands. The specific objectives of this research 
endeavor were to: 
1. Develop regional curves for hydrologic landscape regions in the U.S. using data from 
published studies (Chapter 2). 
2. Determine the hydrologic effect of a large flood event (139 mm; >50 year 24 hour 
storm event) on two reference watersheds (Little Millseat and Falling Rock) in 
Robinson Forest (Chapter 3). 
3. Assess the hydrologic performance (storm flow and baseflow) of the restored 
intermittent stream at Guy Cove (Chapter 4). 
4. Apply the assumed volume balance method to the reconstructed stream at Guy Cove 
to evaluate the volume of infiltration into the fill (Chapter 5). 
1.3 ORGANIZATION OF DISSERTATION 
 Chapter 1 contains an introduction of the research problem and research objectives. 
Chapters 2-5 provide detailed descriptions of the work done to satisfy the objectives of the 
dissertation. Chapter 6 discusses conclusions of the research while Chapter 7 explores 





CHAPTER 2:  DEVELOPMENT OF REGIONAL CURVES FOR 
HYDROLOGIC LANDSCAPE REGIONS (HLR) IN THE CONTINENTAL 
UNITED STATES 
2.1 INTRODUCTION 
 Streams and their riparian or streamside buffers provide essential ecosystem services 
related to water quantity and quality such as water, sediment, nutrient and organic matter 
conveyance, nutrient cycling, filtration, temperature modification, and habitat provision for 
aquatic and terrestrial organisms (Vannote et al., 1980; Meyer and Wallace, 2001; Gomi et al., 
2002; Alexander et al., 2007; Meyer et al., 2007). These ecosystem services are provided not 
just by larger order streams but also by smaller headwater channels (e.g. 1st-3rd order) 
(Vannote et al., 1980; Nadeau and Rains, 2007). When streams and their watersheds are 
impacted by anthropogenic disturbances (e.g. agriculture, urbanization and mining), the 
ability of these waterways to provided ecosystem services is reduced if not lost (Knopf et al., 
1988; Pond et al., 2008; Fritz et al., 2010; USEPA, 2011b). The USEPA (2015) estimated that 
of the nearly 1.05 million miles of assessed rivers and streams, over 54% were classified as 
threatened or impaired with regards to their designated uses.   
 In an effort to help reduce the net loss of streams and their ecosystem services as a 
result of anthropogenic impacts, federal and state agencies fund stream restoration projects 
(Bernhardt et al., 2005; Hough and Robertson, 2009). These stream restoration projects can 
serve as a means of compensatory mitigation to help offset unavoidable impacts to waters of 
the U.S. (33 CFR Part 332). Stream restoration involves the reestablishment of a stream’s 
structure and function (e.g. hydrologic, geomorphic, and ecologic) as closely as possible to 
pre-disturbance conditions (NRC, 1992; Shields et al., 2003; Bennett et al., 2011). This 
approach typically involves the reconstruction of the stream’s dimensions, pattern and 
profile as guided by reference conditions (Rosgen, 1996; Hey, 2006; Beechie et al., 2010; 
Brockman et al., 2012). Bernhardt et al. (2005) estimated that over 37,000 stream restoration 
projects were undertaken between 1990 and 2003, most at a small scale (< 1 km stream 
length), and at a cost of more than $1 billion per year. During this period, Bernhardt et al. 
(2005) noted that the field of stream restoration experienced exponential growth, and with 
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the requirement for compensatory mitigation, this rate of growth is expected to continue 
(Cunningham, 2002). 
 Developing a stream restoration design, such as through natural channel design 
techniques, is an iterative process that often begins by identifying the appropriate bankfull 
discharge and channel dimensions such as cross-sectional area, width and mean depth in the 
riffles, predominately in perennial streams, with the aid of regional curves (Doll et al., 2003; 
Hey, 2006; USDA-NRCS, 2007). Regional curves relate these bankfull channel 
characteristics to drainage area thus providing designers with (1) tools to help identify 
bankfull elevation in the field such as when bankfull indicators are absent or infrequent 
(Castro and Jackson, 2001; Metcalf et al., 2009; Brockman et al., 2012) and (2) a basis for 
stream assessment and design (Hey, 2006; USDA-NRCS, 2007). Similar to hydraulic 
geometry curves (Leopold and Maddock, 1953), regional curves are of the form: 
 
𝑄𝑏𝑏𝑏 = 𝑎𝐴𝑤𝑏 (eqn. 2.1) 
 
𝐴𝑏𝑏𝑏 = 𝑐𝐴𝑤𝑑 (eqn. 2.2) 
 
𝑊𝑏𝑏𝑏 = 𝑔𝐴𝑤ℎ (eqn. 2.3) 
 
𝐷𝑏𝑏𝑏 = j𝐴𝑤𝑏 (eqn. 2.4) 
 
The variable Aw represents drainage area (km
2), Qbkf is bankfull discharge (m
3 s-1), Abkf is 
bankfull cross-sectional area (m2), Wbkf is bankfull width (m), Dbkf is bankfull mean depth 
(m), and the coefficients a, c, g and j as well as the exponents b, d, h and k are empirically 
derived values used to fit the data (Leopold et al., 1964).  
Regional curves are typically developed for a single physiographic province meaning 
an area with similar landform (Fenneman, 1917) such as Piedmont of North Carolina 
(Harman et al., 1999), Valley and Ridge of Maryland, Virginia, and West Virginia (Keaton et 
al., 2005), Florida Coastal Plains (Metcalf et al., 2009), or Inner and Outer Bluegrass Regions 
of Kentucky (Brockman et al., 2012). The degree to which geology (e.g. karst vs non-karst), 
climate (e.g. rainfall patterns), and vegetation (e.g. forest vs grassland) influence stream 
systems within a single physiographic province may or may not be considered when 
developing regional curves. While studying bankfull discharge recurrence intervals in the 
Pacific Northwest, Castro and Jackson (2001) found that the regional factors climate and 
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ecoregion influenced the frequency of bankfull discharge indicating such factors should be 
considered when developing regional curves. Johnson and Fecko (2008) compared regional 
curves from six physiographic provinces (Appalachian Plateau, Blue Ridge, Coastal Plain, 
New England, Piedmont, and Valley and Ridge) located in the eastern U.S. on the basis of 
bankfull width. The authors found that the bankfull width regional curves from the 
Appalachian Plateau, New England, and Valley and Ridge physiographic provinces were 
similar while those from the Blue Ridge, Coastal Plain, and Piedmont differed. Using data 
from the U.S. Environmental Protection Agency’s National Wadable Stream Assessment, 
Faustini et al. (2009) developed downstream hydraulic geometry relationships for 18 
hydrologically defined physiographic regions (Seaber et al., 1987) as well as nine aggregate 
ecoregions (Omernik, 1987) in the conterminous U.S. Faustini et al. (2009) found that 
hydraulic geometry equations developed for these large regions offered a good first 
approximation of channel width, more so in the eastern U.S. than in the western portion. If 
multiple changes in topography, geology and climate were present within a larger geographic 
region, the authors recommended subdividing it into smaller units over which to develop 
separate hydraulic geometry curves. 
 Hydrologic Landscape Units (HLU) are one method of further dividing large 
geographic regions into smaller more homogenous ones on the basis of the movement of 
water as driven by landform (surface water), geology (groundwater), and climate 
(atmospheric water) (Winter, 2001). Using geographic information system (GIS) and 
multivariate statistical analyses (principal component and cluster analysis), Wolock et al. 
(2004) separated the U.S into 20 Hydrologic Landscape Regions (HLR) on the basis of 
similar hydrologic characteristics as related to land-surface form, geology and climate for 
watersheds approximately 212 km2 in size. Land-surface form characteristics included 
topographic relief, minimum elevation, total flat land (<1% slope), flat land in the lowland 
portions of the watershed, and flat land in the upland portions of the watershed. Geologic 
characteristics included soil permeability, which was estimated based on percentage of sand 
in the soil, and bedrock permeability based on general lithologic groups. Climatic 
characteristics included mean annual precipitation, mean annual evapotranspiration, mean 
annual temperature, and mean annual precipitation minus mean annual evapotranspiration. 
HLRs more similar in number exhibit more similar land-surface form, geologic and climatic 
characteristics. For example, HLR 1 is very similar to HLR 2 but is very dissimilar to HLR 
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20. Important to note is that a single HLR may be found in the northern, southern, eastern 
and/or western portions of the U.S, as seen with HLR 16. HLR 16, as described by Wolock 
et al. (2004) is characterized as “humid mountains with permeable soils and impermeable 
bedrock” and is found in the along the western section of the Appalachian Mountains (e.g. 
Georgia, Kentucky, Pennsylvania, Tennessee, Virginia, and West Virginia), portions of New 
England (e.g. Maine, New Hampshire, New York, and Vermont), portions of the northwest 
coast (e.g. California and Oregon), and even portions of Arkansas. Furthermore, multiple 
HLRs may occur within a small area as seen in Figure 2.1. 
 The objectives of this study were to (1) develop regional curves for each HLR and 
(2) compare the HLR-based regional curves to each other and one developed for the 
conterminous U.S. Currently developed regional curves tend to focus on individual 
physiographic regions (e.g. Valley and Ridge) largely using landform as a basis for site 
selection when in fact a single physiographic region may contain multiple distinct and 
dissimilar HLRs. Such HLR-based regional curves could serve as a basis for stream 
assessment and restoration design procedures in areas lacking acceptable stream sites from 
which to develop regional curves, such as in the case of an area that has experienced a large 
number of land disturbance activities.  
2.2 METHODOLOGY 
2.2.1 Dataset Description  
Drainage area along with the bankfull parameters cross-sectional area, width and 
mean depth for 2,838 sites were obtained from 51 published studies. The majority of the 
studies (80%) were obtained from peer reviewed journal articles or government documents. 
Sites were excluded from the dataset if latitude and longitude information were not provided 
or could not be determined based on a referenced USGS gaging station that was located in 
close proximity to the site. A total of 610 sites (21%) were excluded from the dataset. As 
only 35% of the available sites had bankfull discharge data, regional curves were not 
developed for this parameter. Analysis was limited to single-threaded streams and streams 
with little or no urban land use within the watershed.  The selection criteria described by 
each author was examined prior to inclusion in this study.  The USEPA provided identifiers 
for their watersheds identifying those that were seriously impacted versus those that were 
not, all streams identified as seriously impacted were removed prior to use in the study. 
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 Using ArcMap 10.1, the dataset was separated based on HLR (USGS, 1998; Wolock 
et al., 2004) (Table 2.1) (Figure 2.2). The conterminous U.S contains 20 HLRs. Each HLR is 
comprised of a number of small watersheds (approximately 212 km2) that have been deemed 
hydrologically similar (USGS, 1998). Appendix A contains maps of each HLR with locations 
of the sites. Appendix B contains the dataset used in the regression analyses. 
2.2.2 Statistical Analysis 
A simple regression model (PROC REG) in SAS version 9.2 (SAS Institute, 2008) 
was developed for each dependent variable (bankfull cross-sectional area, width and mean 
depth) within each HLR. Drainage area was the explanatory variable. All data were log 
transformed to normalize the data. The following general linear model was used: 
 
Y = 𝛿𝛿 +  𝜀 (eqn. 2.5) 
 
The variable Y represents the log transformed bankfull cross-sectional area, width or mean 
depth; X is the log transformed drainage area; δ is the modeled slope; and ε is the modeled 
intercept (e.g.   a= 10𝜀 and 𝑏 = 𝛿 in eqn. 2.1). Coefficients of determination (R2) were used 
to classify the fit of the HLR regression equations (bankfull cross-sectional area, width and 
mean depth) as good (R2≥0.6), moderate (0.5 ≤ R2<0.6), or poor (R2<0.5) (Faustini et al., 
2009). 
In addition to the use of the coefficient of determination, the quality of the fit of the 
regional curves can be tested by looking at the relationships between the coefficients and the 
exponents of the bankfull cross sectional area, bankfull width and bankfull mean depth 
equations. 
𝐴𝑏𝑏𝑏 = 𝑊𝑏𝑏𝑏𝐷𝑏𝑏𝑏 (eqn. 2.6) 
 
𝑐𝐴𝑤𝑑 = 𝑔𝐴𝑤ℎj𝐴𝑤𝑏 (eqn. 2.7) 
 
𝑐𝐴𝑤𝑑 = 𝑔𝑔𝐴𝑤ℎ+𝑏 (eqn. 2.8) 
 
Equation 2.8 indicates that for each HLR that the sum of the exponents for bankfull width 
and bankfull mean depth should equal the exponent for cross sectional area.   
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Figure 2.1: Multiple HLRs may occur within a relatively small area commonly thought to 
represent a single physiographic region; these HLRs may be quite different. 
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(2003), USEPA (2006b) 
2 77 
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McCandless (2003b), Metcalf et al. (2009), Rachol and Morse (2009), Rachol 
(2009), Robinson (2013), Sweet and Geratz (2003), USEPA (2006b), Yochum 
(2003) 
3 65 
Brockman et al. (2012), Castro (2001), Chaplin (2005), Doll et al. (2003)2, Dutnell 
(2000), Emmert (2004), Keaton et al. (2005), Lawrence (2003), Mulvihill (2007), 
Parola et al. (2007), Robinson (2013), Sherwood and Huitger (2005), Sweet and 
Geratz (2003), USEPA (2006b) 
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Chaplin (2005), Cinotto (2003), Doll et al. (2003)2, Dutnell (2000)2, Krstolic and 
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Padmanabhan (2010), Rachol and Morse (2009), Robinson (2013), Sherwood and 
Huitger (2005), Sweet and Geratz (2003), USEPA (2006b), White (2001) 
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Chaplin (2005), Cinotto (2003), Doheny and Fisher (2007), Doll et al. (2002), 
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(2002), Mistak (2008), Mulvihill (2007), Pruitt (2001)2, Rachol (2009), Robinson 
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Dutnell (2000)2, Harman et al. (2000)2, Keaton et al. (2005), Lawrence (2003), 
McCandless (2003a), Messinger (2009), Mulvihill (2006), Mulvihill (2007), Parola 
et al. (2007), Robinson (2013), Sherwood and Huitger (2005), USEPA (2006b), 
Vesely et al. (2008) 
10 33 Castro (2001), Dutnell (2000)2, Lawlor (2004), USEPA (2006b) 
11 138 
Brockman et al. (2012), Chang et al. (2004)2, Chaplin (2005), Cinotto (2003), Doll 
et al. (2002), Harman et al. (1999)2, Lotspeich (2009), Mccandless and Everett 
(2002), Messinger (2009), Mulvihill (2005), Parola et al. (2007), Robinson (2013), 
Sherwood and Huitger (2005), USEPA (2006b), Vesely et al. (2008), White (2001) 
12 107 
Castro (2001), Emmet (1975), Foster (2012), Lawlor (2004), Lotspeich (2009), 
USEPA (2006b), Yochum (2003) 
13 59 Castro (2001), Emmet (1975), McCandless and Everett (2002), USEPA (2006b) 
14 66 Foster (2012), Lawlor (2004), USEPA (2006b) 
15 86 Castrol (2001), Emmet (1975), USEPA (2006b) 
16 287 
Castro (2001), Chaplin (2005), Cinotto (2003), Dutnell (2000)2, Harman et al. 
(2000)2,  Keaton et al. (2005), Lawrence (2003)2, McCandless (2003a), McCandless 
and Everett (2002), Messinger (2009), Mulvihill (2005), Mulvihill (2006), Mulvihill 
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Huitger (2005), USEPA (2006b), Vesely et al. (2008), Westergard et al. (2004), 
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Lawlor (2004), USEPA (2006b), Yochum (2003) 
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20 67 Castro(2001), Lawlor (2004), USEPA (2006b), Yochum (2003) 
1HLR is Hydrologic Landscape Region. 






Figure 2.2: Conterminous U.S. by HLR1 (n=20) and site location (n=2,228).  
 




2.3 RESULTS AND DISCUSSION 
2.3.1 Site Characteristics 
Drainage area along with the bankfull parameters cross-sectional area, width and mean depth 
were collected and analyzed for 2,228 sites throughout the conterminous U.S. Drainage areas 
ranged from 0.2 km2 to 59,961 km2 (median=55.8 km2); bankfull cross-sectional areas ranged 
from 0.1 m2 to 438.3 m2 (median=5.8 m2); bankfull widths ranged from 0.6 m to 214.7 m 
(median = 9.8 m); and bankfull mean depths ranged from 0.03 m to 5.1 m (median=0.6 m) 
(Table 2.2). The majority of sites had drainage areas less than 1,000 km2 (90%), bankfull 
cross-sectional areas less than 10 m2 (62%), bankfull widths less than 10 m (51%), and 
bankfull mean depths less than 0.6 m (55%). As seen in Figure 2.3, all parameters were 
positively skewed and hence non-normally distributed most notably so with drainage area 
(skewness=11.4, kurtosis=184.2) followed by bankfull cross-sectional area (skew=5.8, 
kurtosis=48.0), bankfull width (skew=3.7, kurtosis=23.1), and bankfull mean depth 
(skew=2.1; kurtosis=6.9). The histogram patterns shown in Figure 2.3 demonstrate that 
drainage area and bankfull cross-sectional area as well as drainage area and bankfull width are 
expected to exhibit stronger relationships (i.e. coefficient of determination) as compared to 
drainage area and bankfull mean depth, a pattern which was also present in the examined 
studies (Table 2.1). 
2.3.2 Bankfull Regional Curves  
Table 2.3 contains coefficients (intercepts), exponents (slopes), standard errors, 
coefficients of determination, and fit statistics for the regional curves developed for the 
conterminous U.S. and each HLR. Figures 2.3-2.23 show the bankfull regional curves for the 





Table 2.2: Bankfull summary data for HLR1. 
HLR1 
Drainage Area (km2) 
Bankfull  
Cross-sectional Area (m2) Bankfull Width (m) Bankfull Mean Depth (m) 
Minimum  Maximum  Median  Minimum  Maximum  Median  Minimum  Maximum  Median  Minimum  Maximum  Median  
1 0.5 1,038.6 94.5 0.6 66.7 7.1 3.1 36.0 10.2 0.2 2.4 0.7 
2 0.4 4,379.7 61.8 0.3 83.4 6.3 1.1 46.3 10.7 0.2 2.4 0.7 
3 2.4 6,500.9 49.0 0.4 374.0 10.0 2.4 85.1 12.6 0.1 4.4 0.7 
4 0.02 22,279.2 44.2 0.4 190.1 12.6 0.6 144.8 8.7 0.1 3.3 0.6 
5 10.4 27,938.3 1,021.2 0.8 261.4 15.0 1.8 152.5 18.8 0.2 2.1 0.8 
6 0.3 12,704.0 72.8 0.3 191.1 7.9 2.0 64.2 10.9 0.1 3.2 0.7 
7 0.6 59,961.1 53.7 0.1 429.9 9.1 0.7 214.7 11.5 0.1 3.2 0.8 
8 1.8 54,747.4 181.5 1.1 125.1 7.9 1.8 168.4 9.6 0.3 2.4 0.7 
9 0.3 2,483.8 69.2 0.4 407.1 12.8 1.6 96.0 15.7 0.1 4.5 0.8 
10 5.4 9,935.5 169.6 0.4 267.3 5.2 1.0 95.4 9.6 0.3 3.0 0.7 
11 0.2 1,876.5 32.2 0.4 131.0 7.1 2.1 50.0 10.9 0.2 3.9 0.7 
12 1.0 34,912.4 73.9 0.1 252.7 3.9 1.0 83.1 7.6 0.1 3.4 0.5 
13 6.0 17,340.4 700.2 1.3 104.8 11.2 2.9 60.3 12.2 0.3 4.0 0.8 
14 2.1 15,952.3 40.4 0.2 71.1 2.6 1.3 45.6 5.3 0.1 2.3 0.5 
15 0.6 19,632.2 37.4 0.1 153.9 2.2 0.9 86.9 5.6 0.1 2.2 0.5 
16 0.2 10,202.0 37.1 0.1 438.3 6.0 1.2 109.8 12.3 0.1 4.0 0.6 






Table 2.2 (cont’d). 
HLR1 
Drainage Area (km2) 
Bankfull  
Cross-sectional Area (m2) Bankfull Width (m) Bankfull Mean Depth (m) 
Minimum  Maximum  Median  Minimum  Maximum  Median  Minimum  Maximum  Median  Minimum  Maximum  Median  
18 0.4 4,946.9 48.9 0.3 245.4 3.5 1.0 94.5 7.6 0.1 2.7 0.5 
19 0.6 3,576.8 25.9 0.9 432.0 6.5 2.9 106.7 11.3 0.2 5.1 0.7 
20 0.2 1,491.8 17.2 0.4 49.4 3.2 1.5 31.5 6.4 0.1 1.8 0.6 




Figure 2.3: Distribution of site characteristics for the conterminous U.S. for (a) drainage area, 
(b) bankfull cross-sectional area, (c) bankfull width, and (d) bankfull mean depth. 
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Bankfull Cross-sectional Area (m2) Bankfull Width (m) Bankfull Mean Depth (m) 
c SEc
2 d SEd R
2 fit g SEg h she R
2 fit j SEj k SEk R
2 fit 
U.S. 2,228 0.91 0.05 0.48 0.01 0.50 M 2.68 0.03 0.30 0.01 0.55 M 0.29 0.03 0.18 0.01 0.31 P 
1 37 0.52 0.27 0.60 0.06 0.75 G 2.64 0.16 0.30 0.03 0.68 G 0.20 0.19 0.30 0.04 0.59 M 
2  77 0.73 0.16 0.54 0.04 0.75 G 2.34 0.09 0.36 0.02 0.81 G 0.31 0.12 0.18 0.03 0.39 P 
3 65 1.21 0.23 0.50 0.05 0.60 G 3.72 0.13 0.29 0.03 0.65 G 0.33 0.16 0.19 0.03 0.35 P 
4 89 6.91 0.22 0.22 0.05 0.18 P 1.59 0.20 0.33 0.05 0.39 P 0.19 0.20 0.19 0.05 0.17 P 
5 35 0.25 0.56 0.60 0.08 0.64 G 1.41 0.46 0.39 0.06 0.52 M 0.16 0.36 0.22 0.05 0.36 P 
6 115 1.19 0.17 0.44 0.03 0.61 G 3.92 0.10 0.24 0.02 0.59 M 0.30 0.11 0.19 0.02 0.45 P 
7 126 0.70 0.16 0.66 0.04 0.71 G 2.55 0.08 0.39 0.02 0.79 G 0.28 0.11 0.26 0.03 0.47 P 
8 67 1.49 0.32 0.32 0.06 0.34 P 2.30 0.20 0.29 0.03 0.52 M 0.64 0.18 0.03 0.03 0.02 P 
9 250 0.68 0.10 0.68 0.02 0.80 G 2.72 0.05 0.41 0.01 0.83 G 0.25 0.06 0.27 0.01 0.59 M 
10 33 0.17 0.50 0.64 0.08 0.66 G 0.61 0.36 0.49 0.06 0.69 G 0.29 0.26 0.15 0.04 0.30 P 
11 138 1.52 0.12 0.51 0.03 0.65 G 4.19 0.07 0.31 0.02 0.69 G 0.36 0.08 0.20 0.02 0.43 P 
12 107 0.43 0.18 0.51 0.03 0.68 G 1.70 0.11 0.35 0.02 0.72 G 0.25 0.11 0.16 0.02 0.37 P 
13 59 1.20 0.47 0.34 0.07 0.31 P 2.27 0.27 0.26 0.04 0.44 P 0.53 0.29 0.07 0.04 0.05 P 
14 66 0.40 0.27 0.45 0.06 0.50 M 1.79 0.15 0.30 0.04 0.6 M 0.22 0.18 0.15 0.04 0.21 P 
15 86 0.31 0.19 0.58 0.04 0.71 G 1.31 0.11 0.39 0.02 0.76 G 0.23 0.11 0.19 0.02 0.44 P 





Table 2.3 (cont’d). 
HLR1 n 
Bankfull Cross-sectional Area (m2) Bankfull Width (m) Bankfull Mean Depth (m) 
c SEc
2 d SEd R
2 fit g SEg h she R
2 fit j SEj k SEk R
2 fit 
17 162 0.40 0.21 0.44 0.04 0.38 P 1.69 0.12 0.30 0.03 0.46 P 0.23 0.12 0.14 0.03 0.15 P 
18 292 0.45 0.11 0.56 0.03 0.63 G 1.81 0.07 0.38 0.02 0.68 G 0.25 0.07 0.18 0.02 0.33 P 
19 70 1.22 0.15 0.57 0.04 0.77 G 3.56 0.08 0.37 0.02 0.86 G 0.34 0.11 0.20 0.03 0.43 P 
20 67 1.05 0.15 0.45 0.04 0.61 G 2.72 0.08 0.33 0.03 0.75 G 0.38 0.10 0.12 0.03 0.21 P 
1HLR is Hydrologic Landscape Region. 
2SE indicates standard error. 
3Fit refers to the quality of the regression fit using criteria specified by Faustini et al. (2009). Good: R2≥0.6, Moderate: 0.5 ≤ R2<0.6, and Poor: R2<0.5. Regressions 




Figure 2.3: Drainage area versus bankfull cross-sectional area, width and mean depth for the 
conterminous U.S 
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Figure 2.5: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR2. 
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Figure 2.6: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR 3. 
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Wbkf  (m) 














Figure 2.7: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR4. 
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Figure 2.8: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR5. 
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Figure 2.9: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR6. 
Drainage Area (km2)
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Figure 2.10: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR7. 
Drainage Area (km2)
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Figure 2.11: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR8. 
Drainage Area (km2)
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Figure 2.12: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR9. 
Drainage Area (km2)
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Figure 2.13: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR10. 
Drainage Area (km2)
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Figure 2.14: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR11. 
Drainage Area (km2)
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Figure 2.15: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR12. 
Drainage Area (km2)
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Figure 2.16: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR13. 
Drainage Area (km2)
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Figure 2.19: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR16. 
Drainage Area (km2)
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Figure 2.21: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR18. 
Drainage Area (km2)
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Figure 2.22: Drainage area versus bankfull cross-sectional area, width and mean depth for 
HLR19. 
Drainage Area (km2)
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2.3.2.1 Conterminous U.S.  
For the conterminous U.S., bankfull cross-sectional area (R2=0.50) and bankfull 
width (R2=0.55) exhibited moderate fits while bankfull mean depth (R2=0.31) had a poor fit. 
Faustini et al. (2009) found a poor fit (R2=0.42) for bankfull width versus drainage area for 
the conterminous U.S. The authors only used data from the USEPA Wadable Streams 
Assessment (USEPA, 2006) and did not examine the bankfull parameters cross-sectional 
area or mean depth. Including data from additional studies throughout the U.S. produced a 
slightly improved model than the one provided by Faustini et al. (2009). Localized regional 
curves for individual HLRs tended to outperform (i.e. higher R2) the conterminous U.S. 
regional curve for bankfull cross-sectional area and width, however, nearly all regional curves 
(HLRs and conterminous U.S.) had poor fits for bankfull mean depth. Only four HLR 
regional curves had poorer fits for bankfull cross-sectional area (HLRs 4, 8, 13 and 17) and 
three for bankfull width (HLRs 4, 13 and 17) as compared to the conterminous U.S. All of 
the HLRs, with the exception of HLR 4, that exhibited a poorer fit than the conterminous 
U.S. for bankfull cross-sectional area and/or width occur in semiarid (HLRs 8, 13, and 17) 
climates. Not all HLRs with semiarid climates exhibited poor fits for bankfull cross-sectional 
area and/or width. HLRs 12, 15 and 18 occur in semiarid climates and displayed good fits 
for bankfull cross-sectional area and width. 
The reason why some semiarid HLRs had poor fits for bankfull cross-sectional area 
and width while others had good/moderate fits is unknown. One difference between the 
semiarid HLRs with good/moderate fits and the semiarid HLRs with poor fits is related to 
soil permeability. The semiarid HLRs with good/moderate fits had higher sand contents and 
were deemed more permeable. This could affect the regional curves by allowing increased 
infiltration and reducing runoff to the streams, which would in turn decrease erosion of the 
bed and bank (Wang et al., 2009).  Factors such as the number and location of reservoirs 
upgradient in the watershed (Deitch et al., 2013), level of irrigation or water withdrawal 
within the watershed (Kendy and Bredehoeft, 2006; Caskey et al., 2014), reliance or lack 
thereof on snowmelt (USGS, 2005; Miller and Piechota, 2011), type of streamside vegetation 
(Hession et al., 2003), and degree of urbanization (Doll et al., 2002; Cianfrani et al., 2006; 
Annable et al., 2010) may have influenced assessed streams unequally within and across these 




physiographic regions.  Using 150 USGS gaged sites, Hedman and Osterkam (1982) used 
hydraulic geometry relaltionships as identified by Leopold and Maddock (1953) to estimate 
streamflow (mean annual and 2, 5, 10, 25, 50 and 100 year flood frequencies) for ungaged 
streams in the western U.S. The authors attempted to develop equations to estimate 
streamflow for the bankfull return interval but found the collected data did not produce 
suitable results. Hedman and Osterkamp (1982) attributed their inability to develop bankfull 
hydraulic geometry equations to (1) the difficulty of identifying bankfull in the field 
particularly for incised streams, and (2) a disconnect between prevailing water and sediment 
transport conditions and bankfull geometry at these sites. It was hypothesized that changes 
in bankfull geometry occurred more slowly than those of the active channel due to the 
infrequency of bankfull producing storm events at these sites. While Wolman and Gerson 
(1978) found that temperate zones streams that were widened by extreme floods could 
recover their original shape within a period of months, the period of recovery for streams 
located in semiarid and arid regions could be on the order of decades. Streams located in 
semiarid and arid environments and lacking vegetation are prone to adjustment with each 
major flood event (Copeland et al., 2000).  
The relationship for the exponents identified in equation 2.8 holds true for all HLRs 
except for HLR 4 and HLR 5.  Equation 2.8 also indicates that the coefficients for bankfull 
width and bankfull mean depth should multiply to equal the coefficient for bankfull cross-
sectional area.  HLR 4 and 5 are also the only HLR to fail this relationship. 
2.3.2.2 Regionalization by HLR 
2.3.2.2.1 Bankfull Cross-sectional Area 
For bankfull cross-sectional area, 15 of the HLRs exhibited a good fit, two a 
moderate fit, and four a poor fit (Table 2.3). The mean value for the exponent of the 
bankfull cross-sectional area regression equation (d in Abkf=cAw
d) was 0.51 but was as low as 
0.22 for HLR 4 and as high as 0.68 for HLR 9. Brockman et al. (2012) reported that for the 
southeastern U.S., exponents of regional curves for bankfull cross-sectional area typically 
ranged between 0.62 and 0.81. HLRs 1, 2, 4, 6, 7, 9, 11 and 16 are either entirely or have 
large portions located in the eastern portion of the U.S. (east of the Mississippi River), and 
with the exception of HLRs 4 and 6, the bankfull cross-sectional area exponents for these 




bankfull cross-sectional area occurred within the same HLR as noted in the HLR and 
conterminous U.S. comparison (HLRs 4, 8, 13 and 17). HLR 4, which is the only non-
semiarid or non-arid HLR to a show poor fit for bankfull cross-sectional area and width, is 
spread amongst several states but is predominately split between three areas: Alabama, 
Louisiana, Mississippi and Texas in the southern portion of the U.S.; Michigan, Minnesota 
and Wisconsin in the northern portion of the U.S., and Maryland, North Carolina and 
Virginia in the eastern portion of the U.S. Sites within HLR 4 were split between land cover 
dominated by forest, wetlands or agriculture (USEPA, 2006). The type of riparian vegetation 
present, which would likely differ notably between the land cover types, is expected to 
influence channel geometry. Hession et al. (2003) noted that riparian vegetation strongly 
influenced channel shape with grassed riparian buffers resulting in more narrow channels 
than forested ones. The influence of riparian vegetation on channel geometry is also 
expected to vary with watershed size (Anderson et al., 2004). Larger watersheds produce 
wider channels (Schumm, 1977) meaning less of the wetted perimeter is influenced by 
riparian vegetation. Additionally, USEPA (2006) indicated that 70% and 51% of the assessed 
streams in coastal plains and upper Midwest ecoregions, respectively, had moderate to highly 
disturbed riparian buffers as a result of anthropogenic activities. Variations in the level of 
riparian disturbance between sites may have influenced bankfull characteristics. HLR 6 is 
somewhat evenly split between the eastern and western portions of the U.S. and largely 
encompasses the coastal plains and temperate plains ecoregions. Like HLR 4, large portions 
of the assessed stream lengths within this HLR have significant amounts of disturbed 
riparian areas (70% in coastal plains and 96% in temperate plains ecoregions) which may 
have influenced channel geometry (USEPA, 2006). In the western portion of the U.S. (west 
of the Mississippi River), exponents of bankfull cross-sectional area displayed ranges similar 
to those found in the eastern U.S. (Elliot, 1986; Castro, 2001; Emmert, 2001; Lawrence, 
2003; Lawlor, 2004) though lower values such as 0.39 (Dutnell, 2010) and 0.54 (Moody, 
2003) were reported.  
2.3.2.2.2 Bankfull Width 
Fit statistics were similar for bankfull width with 13 of the HLRs exhibiting a good 
fit, four a moderate fit, and three a poor fit. The mean value for the exponent of the bankfull 
width regression equation (h in Wbkf=gAw




6 and a maximum value of 0.49 for HLR 10. Brockman et al. (2012) reported that for the 
southeastern U.S., exponents of regional curves for bankfull width typically ranged between 
0.28 and 0.47. A similar range was found in studies focusing on the western portion of the 
U.S. (Castro, 2001; Emmert, 2001; Lawrence, 2003; Moody, 2003; Lawlor, 2004; Dutnell, 
2010) though Elliot (1986) reported a value of 0.2. Poor relationships between drainage area 
and bankfull width occurred within the same HLRs as noted in the HLR and conterminous 
U.S. comparison (HLRs 4, 13, and 17).  
2.3.2.2.3 Bankfull Mean Depth 
In all instances except three, drainage area and mean bankfull depth had poor 
relationships. HLRs 1, 9 and 16 had moderate fits. The mean value of the exponent of the 
bankfull mean depth regression equation (k in Dbkf=jAw
k) was 0.18 and ranged from 0.03 for 
HLR 8 and a maximum of 0.30 for HLR 1. HLRs 1, 9 and 16 occur predominately in the 
eastern portion of the U.S. where Brockman et al. (2012) reported that exponents of regional 
curves for bankfull mean depth typically ranged between 0.25-0.43. While it was expected 
that mean bankfull depth would exhibit a greater number of poor fits (Figure 2.3), the low 
degree to which drainage area could explain the variability in mean bankfull depth was 
surprising as a number of studies have recorded higher coefficients of determination 
(Keaton et al., 2005; Brockman et al.; Chaplin, 2005; Krstolic, 2007; Mistak, 2008). In some 
instances, drainage area explained almost none of the variability in bankfull mean depth such 
as with HLRs 8 and 13 which had exponents of 0.03 and 0.07, respectively. 
In the semiarid southwestern portion of the U.S., where HLRs 8 and 13 are most 
prevalently located, ephemeral channels often incise to form arroyos (Nordin, 1963).  Elliot 
et al. (1999) described the evolution of the arroyo as a process of incision followed by 
aggradation. Arroyo incision forms quickly, reaching a maximum depth followed by the 
lateral eroding of alluvium to create a wide, shallow stream (Leopold and Miller, 1954). The 
widening process is followed aggradation with the cycle of re-incision, widening and 
aggradation continuing (Elliot et al., 1999). Post-incision, the location of the stream channel 
can change noticeably even over a short time span (Elliot et al., 1999; Meyer, 1989; Gellis, 
1988). 
Other factors not captured in this study are influencing bankfull mean depth across 




the stream bed and banks as well as the type and density of riparian vegetation may have 
helped explain the variability in bankfull mean depth. For instance, Schumm (1977) noted 
that channel shape, expressed as the width-to-depth ratio, is related to the percentage of fine 
sediment (silt and clay) in the stream bed and banks. Schumm (1977) showed that streams 
with higher percentages of fines in their beds and banks tend to have lower width-to-depth 
ratios, meaning such streams are narrow and deep, and are generally characterized as lower 
bedload transport systems. Leopold and Maddock (1953) concluded that stream with high 
levels of bedload transport tended to have high width-to-depth ratios meaning such streams 
are wide and shallow.  
In developing the HLRs, Wolock et al. (1994) used percent sand in soil, as given by 
the U.S. Department of Agriculture’s STATSGO database, to assess permeability for each 
watershed; however, soil characteristics along with riparian vegetation can vary considerably 
across watersheds (Patten, 1998; Cosh et al., 2008). Of the three HLRs with good or 
moderate fits, HLRs 9 and 16 had low to moderate levels of sand in their watersheds (i.e. 
likely more cohesive stream banks) while HLR 1 has the highest level of sand of all HLRs 
(Wolock et al., 1994). Forests cover significant portions of all three HLRs (USFS, 1993) 
though site specific vegetation characteristics were not explored.  
2.3.3 Comparison of HLR Regional Curves 
 Table 2.4 shows a categorization of slopes for the HLR regional curves for the 
bankfull parameters cross-sectional area, width and mean depth. Larger exponents indicate a 
greater increase in the respective bankfull parameter for each unit increase in drainage area. 
Table 2.4 shows the degree to which drainage area influences channel geometry: the greatest 
level of influence is with bankfull cross-sectional area and least with bankfull mean depth 
(Schumm, 1977). These findings suggest that streams located in HLRs that are 














≥0.70    
0.60-0.69 1, 7, 9, 10, 16   
0.50-0.59 2, 11, 12, 15, 18, 19   
0.40-0.49 3, 5, 6, 14, 17, 20 9, 10, 16  
0.30-0.39 8, 13 
1, 2, 4, 7, 11, 12, 14, 
15, 17, 18, 19, 20 
1 
0.20-0.29 4 3, 5, 6, 8, 13 5, 7, 9, 11, 16, 19 
0.10-0.19   
2, 3, 4, 6, 10, 12, 14, 
15, 17, 18, 20 
<0.10   8, 13 
1HLR is Hydrologic Landscape Region. 





of the U.S. Faustini et al. (2009) noted a larger proportion of streams in western ecoregions 
(Western Mountain and Xeric) were more narrow as compared to other ecoregions. 
Based on the information provided by Wolock et al. (1994), no discernable patterns were 
found to explain why drainage area explained  large amounts of variability in bankfull 
parameters for one HLR but not another. HLRs with large coefficients of determination 
displayed a mixture of characteristics related to land-surface form, geologic texture, climate, 
and primary hydrologic flow path. It is possible that a higher degree of spatial variability exits 
within certain HLRs with respect to factors such as geology, climate, land-surface form, 
riparian vegetation, and/or anthropogenic activities and that this spatial variability influenced 
channel geometry differently across the HLRs. In such instances, division of the HLR into 
smaller more homogenous units may improve fit statistics for regional curves (Faustini et al., 
2009). 
2.4 CONCLUSIONS 
 As noted by Leopold and Maddock (1953), drainage area is directly related to the 
bankfull parameters cross-sectional area, width and mean depth. Recognition of this linkage 
has spurred the development of numerous regional curves throughout the U.S. for use in 
stream restoration designs (Table 2.1) yet little research has explored the geographic limits of 
these curves (Castro and Jackson, 2001) outside of the physiographic region in which said 
curves were developed. Using drainage area and bankfull cross-sectional area, width and 
mean depth data from 2,228 sites, this study developed regional curves for the conterminous 
U.S as well as the 20 HLRs defined by Wolock et al. (2004).  
In most instances, localized regional curves for individual HLRs outperformed (i.e. 
higher R2) the conterminous U.S. regional curves for bankfull cross-sectional area and width 
though nearly all developed curves showed a poor fit (R2<0.5) for bankfull mean depth. 
Individual HLR regional curves with good (R2≥0.6) fits were developed for 75% of the 
HLRs for bankfull cross-sectional area; an additional 10% of the HLRs had moderate fits 
(0.5 ≤ R2<0.6). For bankfull width, 65% of the HLRs had good fits while an additional 20% 
had moderate fits. Only 15% of the HLRs exhibited a good or moderate fit for bankfull 
mean depth.  Regional curves developed for HLRs 4, 8, 13 and 17 had poor fits for at least 
two of the three bankfull parameters. With the exception of HLR 4, these HLRs are 




with those from Faustini et al. (2009) suggest that streams located in HLRs in semiarid or 
environments are influenced differently by anthropogenic activities (e.g. reservoirs, irrigation, 
grazing, and urbanization) or are bound by a different stream evolution model than streams 
located in HLRs in humid and subhumid climates. 
While the coefficients of determination indicated that HLR 8, 13, and 17 had 
significant scatter, making the fits for bankfull cross-sectional area, bankfull width, and 
bankfull mean depth poor to moderate, the relationships between the coefficients and 
exponents were consistent with expectation.  Meaning that these curves can likely be used, 
but with some degree of caution.  HLR 4 had poor fits for all three metrics and the 
relationship between the coefficients and the exponents were not met, meaning that this 
regional curve should not be used at all for design purposes.  HLR 5 had good/moderate fits 
for bankfull cross-sectional area and bankfull width, but failed to meet the mathematical 
relationship between the coefficients and exponents.  It would be unwise to use this regional 
curve as well. 
Results from this study provide stream restoration practitioners with a new set of 
HLR-based regional curves for use in stream assessment and restoration design procedures. 
Regional curves assist in the identification of bankfull elevation in the field, particularly in 
instances when bankfull indicators are sparse (Metcalf et al., 2009; Brockman et al., 2012). 
Correct identification of bankfull elevation aids in the determination of the degree of 
channel incision. Regional curves are also useful for providing a starting point in the iterative 
natural channel design process (Hey, 2006; USDA-NRCS, 2007). Furthermore, by using 
HLR as a basis instead of simply physiographic regions (Fenneman, 1917), (1) it may be 
possible to develop more robust regional curves and (2) to utilize curves developed for other 
parts of the U.S. in areas lacking regional curves. For HLRs with a large amount of spatial 
variability related to geology, climate, land-surface form, riparian vegetation, and/or 
anthropogenic activities, consideration should be given to further subdividing the HLR into 





CHAPTER 3:  HYDROLOGIC RESPONSE OF TWO SMALL FORESTED 
WATERSHEDS BEFORE AND AFTER AN EXTREME STORM EVENT 
3.1 INTRODUCTION 
Changes in land use and thus watershed hydrology are linked to changes in stream 
morphology. Increased levels of urbanization produce larger discharge volumes and peak 
flows, shorter times of concentration, and lower base flows which often lead to incised, over 
widened channels with reduced bed complexity (i.e. lacking distinct riffle and pool features) 
(Lorup et al., 1998; Walsh et al., 2005). Deforestation can cause increased runoff volumes, 
peak discharges, and sedimentation (Hewlett and Helvey, 1970; Caissie et al., 2002; Eisenbies 
et al., 2007) which in some cases can cause channel narrowing (Sweeney et al., 2004), and in 
others, channel widening (Fitzpatrick and Knox, 2000; McBride et al, 2010). Poff et al. 
(2006) evaluated variations in hydrologic regimes in relation to land use across the U.S. and 
found that watersheds with greater proportions of agriculture tended to increase peak flows, 
days of no flow and reduce baseflow volumes. Agricultural streams are also prone to 
increased sedimentation which can reduce channel width, cross-sectional area, and bed 
complexity (Rhoads et al., 2003; Allan, 2004). Dams alter stream morphology both upstream 
and downstream of the structures by reducing peak flows, flow variations, and sediment 
transport. Upstream of dams, lotic environments are changed to lentic ones while 
downstream reaches experience incision and narrowing due to reduced sediment loads and 
riparian vegetation encroachment (Trush et al., 2000; Gordon and Meentemeyer, 2006; Poff 
et al., 2006).  
Land use, and hence rates of runoff, infiltration and evapotranspiration, is not the 
only driver with regards to alterations in stream morphology. Precipitation characteristics 
such as depth, duration and frequency also impact watershed hydrology. Changes in climate 
are expected to increase the frequency and magnitude of extreme hydrologic events (e.g. 
precipitation and flooding) (Easterling et al., 2000; Palmer and Räisänen, 2002). Karl and 
Knight (1998) found that precipitation across the contiguous U.S. increased by 10% since 
1910 with extreme events (upper 10th percentile) increasingly accounting for a greater 
percentage of the total annual rainfall amount. Kunkel et al. (1999) computed an average 




in the central Great Plains and southern Great Lakes regions. Increases in the magnitude and 
frequency of extreme precipitation events can in turn lead to extreme flood events. While 
extreme flood events can have profound impacts on society through the direct and indirect 
loss of life and property (NAS, 1990; Easterling et al., 2000; Jonkman, et al., 2009), these 
pulse disturbances can also impact the natural environment, particularly streams and their 
floodplains. Reich and Lake (2014) noted that extreme flood events have the power to 
reshape channel geomorphology and alter ecosystem processes. Large in magnitude and 
infrequent in occurrence (e.g. annual exceedance probability <5%), the high energy levels of 
such “floodplain resetting events” (Opperman et al., 2010) can result in significant 
streambank and floodplain erosion, channel avulsion, destabilization and rearrangement of 
stream bed features, changes in hyporheic zone extent and subsurface flow paths, and 
damage to riparian vegetation (Wondzell and Swanson, 1999; Lake et al., 2006; Turowski et 
al., 2009; Opperman et al., 2010).  
 While linkages between changes in hydrologic inputs and their effects on stream 
morphology have been established, questions remain with regards to feedback, specifically, 
how changes in stream morphology might in turn affect the hydrologic response of streams. 
Based on Manning’s equation (eqn. 3.1), changes in hydraulic radius (R in units of m), slope 






𝑅0.67𝑆0.5 (eqn. 3.1) 
 
For example, a decrease in channel roughness, which can occur from reduced streambed 
complexity, or an increase in channel slope, which can occur from an avulsion, will increase 
stream velocity; however, can such changes be significant enough to affect a stream’s 
hydrologic response? Such questions are of particular importance in research efforts where 
watersheds are used in paired studies and when an extreme event may alter streams within 
the paired watersheds differently (Beven et al., 1988; Clausen and Spooner, 1993). Paired 
watershed studies use at least two watersheds similar in size, location, topography, vegetative 
cover, and geology. One watershed serves as a control while changes are made in the other 




 Falling Rock (FR) and Little Millseat (LMS), both located in the University of 
Kentucky’s Robinson Forest, are two control watershed that have been used in paired 
watershed studies (Cherry, 2006; Witt, 2012) and have served as reference watersheds in 
hydrologic studies (Taylor et al., 2009a, 2009b; Maupin, 2012; Maupin et al., 2013; 
Weatherford, 2014). On May 8-9, 2009, an extreme rainfall event (139 mm; >50 year 24 hour 
return interval) occurred at Robinson Forest causing massive flooding and stream damage 
(Figure 3.1). In addition to modifying the morphology of streams in the forest, field 
observations suggest this extreme rainfall event also impacted the hydrologic response of 
streams in the FR and LMS watersheds. The objective of this study was to determine if this 
extreme rainfall event significantly changed the storm hydrologic response of intermittent 
and perennial portions of FR and LMS. 
3.2 METHODS 
3.2.1 Site Description 
 FR and LMS are located in the main block of the University of Kentucky’s Robinson 
Forest which is a teaching, research and extension experimental forest located in the 
Cumberland Plateau region of southeastern Kentucky (Figure 3.2). Though mining is 
common throughout eastern Kentucky, the main block of Robinson Forest was never mined 
but was clear cut for timber between 1890 and 1920 (Overstreet, 1984; Villines et al., 2013). 
Since that time, a mixed-mesophytic forest has regenerated (Witt, 2012). Robinson Forest 
has a temperate-humid-continental climate with an average annual rainfall of 118 cm 
(Cherry, 2006) and high and low temperatures ranging from 30 to 18°C, respectively, during 
the summer months and 6 and -5°C, respectively, during the winter months (USDC, 2002). 
 FR is a 92.4 ha watershed with a minimum elevation of 304 m, maximum elevation 
of 455 m, and drainage density of 0.0040 m m-2 (Cherry, 2006). The FR watershed is 
characterized by steep slopes (25 to 60%) and a narrow valley with well-drained soils derived 
from siltstone, sandstone and shale (Hayes, 1991). As seen in Figure 3.2, FR is more 
“square” in shape with a L:W (length to width ratio) of about 1:1. Mean daily flow for the 
combined periods of 1971-1996 and 1998-2005 was 0.55 m3 s-1. LMS is a 77.9 ha watershed 
with a minimum elevation of 304 m, maximum elevation of 451 m, and drainage density of 





Figure 3.1: Photographs of damage from the May 8-9, 2009 extreme rainfall event showing 
(a) movement of cobbles as evidenced by their deposition on the floodplain, (b) lateral 
migration, (c) landslides and slumps, (d) severe bank erosion, (e) gulley formation, and (f) 
reduced bed complexity. 
 
 
 (a)  (b) 
 (c)  (d) 




Figure 3.2:  Locations of Falling Rock (FR) and Little Millseat (LMS) watersheds and 





The LMS watershed is also characterized by steep slopes (25 to 60%) and a narrow valley 
with well-drained soils derived from siltstone, sandstone and shale (Hayes, 1991). As seen in 
Figure 3.2, LMS is more “rectangular” in shape with a L:W (length to width ratio) of about 
3:1. Mean daily flow for the combined periods of 1971-1994 and 1999 - 2005 was 0.72 m3 s-1. 
3.2.2 Hydrometeorology of Storm 
 Rainfall data (15-min intervals) were recorded using a weather station with tipping 
bucket rain gage linked to a Campbell Scientific CR10X data logger (Cherry, 2006) (Figure 
3.2). The May 8-9, 2009 storm event had a depth of 139 mm, duration of 13.5 hr, average 
intensity of 10.1 mm hr-1, and a maximum 15-min intensity of 14.72 mm (58.93 mm hr-1) 
(Figure 3.3). The return interval for this storm event was >50 year 24 hour (NOAA, 2014).  
3.2.3 Hydrologic Data 
3.2.3.1 Data Collection 
 Rainfall and runoff data were analyzed for an approximately four -year period prior 
to (January 1, 2004 to May 7, 2009) and approximately four-year period following (May 10, 
2009 to September 30, 2013) the extreme storm event. As with the extreme storm event, 
rainfall data were collected using a weather station with tipping bucket rain gage linked to a 
Campbell Scientific CR10X data logger (Cherry, 2006). Streamflow data were collected at 
intermittent and perennial reaches in both the FR and LMS watersheds resulting in a total of 
four streamflow monitoring locations (Figure 3.2). At intermittent reaches, streamflow was 
measured using 5.67 m-1 m3 cutthroat flumes which were installed in 2003 while streamflow 
data in the perennial reaches were collected using 3:1 side-sloped broad-crested combination 
weirs which were installed in 1971 (Cherry, 2006). At all four streamflow monitoring 
locations, stage height was recorded at 15-minute intervals using In-Situ miniTroll pressure 
transducers (5 psig) and converted to discharge using equations 3.2 and 3.1 for the flumes 
and weirs, respectively. 
 
𝑄𝑏 = 2,712𝐻1.84 (eqn. 3.2) 
 




Figure 3.3: Extreme storm event on May 8-9, 2009 had a rainfall depth of 139 mm over 13.5 
hrs (>50  year 24 hour return interval). 
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The variables Qf and Qw represents discharge (gal min
-1 and ft3 s-1, of the flume and weir 
respectively) and H represents stage height (ft). Discharge values were then converted to m3 
s-1. 
3.2.3.2 Hydrograph Analysis 
 Data were analyzed for 133 rainfall events in total: 70 rainfall events prior to (January 
1, 2004 to May 7, 2009) and 63 following (May 10, 2009 to September 30, 2013) the extreme 
storm event. All storm events during this period with a depth greater than 10.4 mm were 
analyzed. Discharge data were not available for the FR and LMS intermittent sites for the 
years 2010-2013, all sites for 2007, and for the LMS perennial site for 2012. Because 
discharge data were not available for three of the four sites in 2012, data from this year were 
not included in the analysis. Baseflow was separated using the concave method as outline by 
McCuen (2004). McCuen (2004) states that the concave method better represents physical 
processes driving storm flow conditions. For each hydrograph, the parameters discharge 
volume, peak discharge, discharge duration, peak time, lag time, and response time were 
computed. Peak time was defined as time of start of flow to the time peak discharge, lag time 
was defined as the start of precipitation to the time of peak discharge, and response time was 
defined as the start of precipitation to the start of discharge (SCS, 1972; Taylor et al., 2009b). 
Curve numbers (CN) were computed using the method outlined by the Natural Resources 
Conservation Service in the National Engineering Handbook Section 4, Hydrology (SCS, 




(𝑃 + 𝐼𝑎) + 𝑆
 𝑓𝑓𝑓 𝑃 ≥ 𝐼𝑎 (eqn. 3.4a) 
 
𝑄 = 0 𝑓𝑓𝑓 𝑃 ≤ 𝐼𝑎 (eqn. 3.4b) 
 
𝐼𝑎 = 𝜆𝑆 (eqn. 3.5) 
 





𝑆 = 10[2𝑃 + 19𝑄 − (361𝑄2 + 80𝑃𝑄)0.5]  𝑓𝑓𝑓 𝜆 = 0.05 (eqn. 3.6b) 
  
The variable Q represents direct storm runoff (mm; Qf or Qw), P is storm rainfall (mm), Ia is 
initial abstraction (mm), l the initial abstraction coefficient, and S is storage (mm). 
Traditionally, CNs were calculated using l of 0.2 though current research indicates a l of 
0.05 is more appropriate (Hawkins et al., 2002). To better allow for comparisons across 
studies, values of 0.2 and 0.05 for l were used in this study. CNs were computed for 
antecedent moisture condition (AMC) II though the 5-day prior rainfall amounts are 
provided if adjustments (AMCs I or III) are desired.  While it is recognized that AMC plays 
an important role in the volume and rate of runoff (McCuen, 2005), it has also been called 
into question as way of explaining variations in CN (Fennessey and Hawkins, 2001). Because 
no risk analysis was performed as part of this study, the use of AMC II was selected based 
on the recommendation of McCuen (2005). 
3.2.4 Statistical Analysis 
 Analysis of covariance (ANCOVA) in SAS version 9.2 (SAS Institute, 2008) was 
used to identify statistically significant differences (p≤0.05) in the hydrograph parameters 
discharge volume, peak discharge, discharge duration, peak time, lag time, and response time 
as well as CN (l=0.2 and 0.05) between the periods proceeding and following the extreme 
storm event on May 8-9, 2009. Differences were also determined between sites (e.g. FR 
intermittent vs. LMS intermittent) and flow types (e.g. LMS intermittent vs. LMS perennial). 
Differences in storm event characteristics depth, duration and 5-day prior depth between 
periods prior to and following the extreme storm event were examined using t-tests 
(p≤0.05). 
3.3 RESULTS AND DISCUSSION 
3.3.1 Storm Event Characteristics 
 The maximum and minimum rainfall depths in the study period from 2004- May 
2009. prior to the extreme storm event on May 8-9, 2009 were 92.7 mm and 10.4 mm, 
respectively (Table 3.1). The mean and median rainfall depths for these 70 storm events were 




minimum rainfall depths were 57.7 and 11.2 mm, respectively (Table 3.2). The mean and 
median rainfall depths for these 63 storm events were 22.4 and 18.3 mm, respectively. No 
significant differences between the storm event characteristics depth, duration, and 5-day 
prior depth were found between pre- and post-extreme storm event periods. Years 2004 and 
2009 exhibited above normal annual rainfall amounts while the years 2005, 2006, 2008, 2010, 
2011 and 2013 had below normal annual rainfall amounts (Table 3.3). Figure 3.4 shows 
monthly rainfall totals for each year along with monthly rainfall normals (USDC, 2002). The 
months of April and May were wetter during the years 2004, 2005, 2009 and/or 2011. For all 





Table 3.1: Storm event characteristics for Falling Rock and Little Millseat watersheds prior to 
extreme storm event on May 8-9, 2009. 
Date Depth (mm) Duration (hr) 5-day Prior Depth (mm) 
30 March 2004 16.0 7.3 1.0 
12 April 2004 27.2 12.3 2.5 
13 April 2004 28.4 8.5 31.2 
16 May 2004 14.0 5.3 5.3 
24 May 2004 24.9 2.0 1.0 
26 May 2004 38.6 7.0 40.6 
30 May 2004 49.5 4.3 79.0 
31 May 2004 16.5 3.5 141.2 
4 June 2004 14.0 3.8 38.1 
11 June 2004 11.4 0.5 3.0 
15 June 2004 37.3 3.0 26.7 
22 June 2004 10.7 1.3 5.3 
25 June 2004 23.9 11.0 19.8 
6 July 2004 13.7 1.50 19.8 
7 September 2004 92.7 39.5 1.0 
16 September 2004 78.7 23.0 3.3 
2 October 2004 10.4 4.8 0.3 
13 October 2004 14.2 1.3 8.6 
18 October 2004 34.0 5.8 12.7 
27 October 2004 30.7 6.0 9.9 
4 November 2004 38.4 8.5 1.0 
11 November 2004 15.7 8.3 0.8 
30 November 2004 42.4 20.8 5.6 
6 December 2004a 10.7 4.3 7.4 
6  December 2004b 13.0 12.0 11.4 
8 December 2004 32.8 11.3 24.9 
28 March 2005 18.5 3.8 11.2 




Table 3.1 (cont’d). 
Date Depth (mm) Duration (hr) 5-day Prior Depth (mm) 
2 April 2005 12.2 6.8 43.7 
29 April 2005 49.8 13.3 20.1 
19 May 2005 30.5 6.8 4.3 
22 May 2005 13.5 1.5 32.3 
3 June 2005 13.5 2.3 7.9 
20 June 2005 30.2 2.5 1.8 
1 July 2005 23.9 3.8 13.0 
7 July 2005 14.5 8.8 1.0 
13 July 2005 14.5 8.3 3.3 
19 August 2005 16.5 0.8 24.1 
13 March 2006 17.5 5.0 16.8 
2 April 2006 17.3 10.8 8.4 
7 April 2006 18.5 1.5 33.0 
19 April 2006 13.0 3.0 18.3 
2 May 2006 12.7 0.8 5.3 
28 August 2006 14.5 1.8 0.5 
18 September 2006 12.4 1.5 1.3 
23 September 2006a 24.1 4.8 23.4 
23 September 2006b 13.0 3.5 35.3 
30 September 2006 12.4 6.3 14.5 
16 October 2006 21.3 11.5 4.6 
26 October 2006 61.7 25.5 0.5 
1 November 2006 14.7 3.5 16.8 
7 November 2006 17.5 19.0 3.0 
16 November 2006 12.7 2.8 16.5 
3 April 2008 18.3 9.8 5.8 
11 April 2008 16.3 5.0 1.3 
27 April 2008 25.7 11.3 1.3 




Table 3.1 (cont’d). 
Date Depth (mm) Duration (hr) 5-day Prior Depth (mm) 
3 June 2008 12.4 5.3 27.7 
28 July 2008 10.9 1.8 0.3 
30 July 2008 16.8 1.8 14.5 
31 July 2008 19.1 6.3 27.9 
26 August 2008 29.5 11.5 0.3 
8 October 2008 13.0 7.0 0.3 
24 October 2008 19.3 13.3 0.5 
13 November 2008 18.3 5.0 0.8 
14 November 2008 23.6 9.8 18.8 
24 November 2008 12.2 10.3 2.3 
30 November 2008 15.7 10.3 1.0 
10 December 2008a 33.3 7.5 1.0 






Table 3.2: Storm event characteristics for Falling Rock and Little Millseat watersheds 
following the extreme storm event on May 8-9, 2009. 
Date Depth (mm) Duration (hr) 5-day Prior Depth (mm) 
25 June 2009 20.8 3.8 8.9 
11 July 2009 19.3 2.5 11.2 
26 July 2009a 47.2 5.0 4.6 
26 July 2009b 11.2 2.0 51.8 
29 July 2009 11.9 7.3 59.9 
31 July 2009 14.7 5.3 53.6 
4 August 2009 23.4 3.5 34.0 
7 September 2009 41.9 3.0 13.7 
26 September 2009 57.7 14.0 25.4 
14 October 2009 14.2 5.0 13.0 
31 October 2009 17.0 7.0 11.4 
30 November 2009 16.0 9.8 0.8 
2 December 2009 11.4 4.8 16.5 
8 December 2009 41.1 15.8 10.2 
12 March 2010 14.0 3.5 4.6 
27 April 2010 14.5 7.8 31.5 
1 May 2010 24.6 5.5 19.3 
2 May 2010 32.0 13.3 25.4 
14 May 2010 14.5 5.8 4.1 
4 June 2010 22.1 3.5 3.8 
28 June 2010 29.2 5.3 9.1 
11 August 2010 35.0 1.5 0.0 
18 August 2010 34.5 11.3 7.9 
11 September 2010 17.3 3.3 0.0 
3 April 2011 33.3 13.0 8.9 
9 April 2011a 17.8 2.5 33.5 
9 April 2011b 16.0 0.5 51.3 




Table 3.2 (cont’d). 
Date Depth (mm) Duration (hr) 5-day Prior Depth (mm) 
15 April 2011 42.2 14.5 35.3 
24 April 2011 14.2 4.5 17.5 
27 April 2011 41.1 11.0 20.6 
3 May 2011 23.4 8.3 8.1 
13 May 2011 17.3 1.8 14.7 
23 May 2011 16.8 1.5 8.6 
24 May 2011 13.2 3.5 25.9 
26 May 2011 15.5 17.5 40.6 
18 June 2011 13.0 3.5 5.3 
20 June 2011 24.4 15.0 29.7 
12 July 2011 19.3 10.8 6.6 
15 July 2011 14.2 14.8 23.9 
4 September 2011 16.3 16.0 0.3 
21 September 2011 16.0 7.5 6.9 
19 October 2011 36.8 15.5 2.5 
27 October 2011 12.7 15.0 5.3 
28 October 2011 14.5 15.5 18.0 
3 November 2011 17.0 5.0 0.5 
18 March 2013 33.3 8.0 5.8 
24 March 2013 20.1 19.0 0.3 
11 April 2013 14.2 9.8 0.3 
16 April 2013 37.8 13.0 12.4 
19 April 2013 15.0 6.5 39.9 
27 April 2013 22.1 9.3 9.4 
5 May 2013 27.4 33.5 0.3 
2 June 2013 11.9 1.5 25.7 
9 June 2013 18.3 6.0 7.9 
6 June 2013 20.8 5.5 17.5 




Table 3.2 (cont’d). 
Date Depth (mm) Duration (hr) 5-day Prior Depth (mm) 
26 June 2013 22.4 11.3 3.556 
1 July 2013 18.3 0.5 15.748 
6 July 2013 24.6 6.3 39.624 
7 July 2013 21.1 9.8 0.762 
7 August 2013 14.0 7.3 3.048 




Table 3.3: Annual rainfall characteristics for Falling Rock and Little Millseat watersheds. 
Year Recorded Depth (mm) 
Difference from Normal 
(mm)1 
2004 1,490.5 +236.0 
2005 1,002.0 -252.5 
2006 1,156.7 -97.8 
2008 904.7 -349.8 
2009 1,397.8 +143.3 
2010 875.1 -379.4 
2011 1,103.9 -150.6 
2013 800.12 -158.4 
1Normal annual rainfall depth is 1,254.5 mm (USDC, 2002). 




Figure 3.4: Monthly precipitation1 depth totals for Falling Rock and Little Millseat 


















































































3.3.2 Hydrograph Characteristics 
 Tables 3.4 and 3.5 contain means and standard deviations of the hydrograph 
parameters prior to and following the extreme storm event, respectively, that occurred on 
May 8-9, 2009. No significant differences were found for any of the hydrograph parameters 
with respect to sites (FR intermittent and perennial vs. LMS intermittent and perennial) prior 
to and following the extreme storm event. When considering flow types (intermittent vs. 
perennial) combined for both sites (e.g. FR intermittent and LMS intermittent vs. FR 
perennial and LMS perennial), difference were not found between FR and LMS with respect 
to perennial flow but were found with respect to intermittent flow for CN (l=0.2 and 0.05) 
only for the period after the extreme storm event.  
Further investigation showed that the difference in CN was due to the LMS 
intermittent site which had mean CNs of 79.9 and 61.3 for l=0.2 and 0.05, respectively, 
prior to the extreme storm event and  mean CNs of 63.2 and 33.5 for l=0.2 and 0.05, 
respectively, following the extreme storm event. At the FR intermittent site, the mean CNs 
prior to the extreme storm event were 79.0 and 60.1 for l=0.2 and 0.05, respectively; 
following the extreme storm event, the CNs were 71.2 and 50.0 l=0.2 and 0.05, 
respectively. It is important to note that the CNs calculated for the FR and LMS intermittent 
sites included 41 and 43 storm events, respectively, for the period prior to the extreme storm 
event but only four storm events following the extreme storm event. These four storm 
events all occurred in 2009 shortly after the extreme storm event (months of July, August 
and September). Rainfall depth for those four storm events averaged 34.4 mm which was 
12.0 mm more than the mean rainfall depth for all storm events (n=63; all were used to 
compute CNs for FR and LMS perennial sites) following the extreme storm event. As noted 
in prior studies, greater rainfall depths tend to produce lower CNs while smaller rainfall 
depths tend to produce larger CNs (Hjelmfelt, 1991; Hawkins, 1993; Taylor et al., 2009a; 
Warner et al., 2010). The difference in CN prior to and following the extreme storm event 
for the intermittent sites was due in part to a lack of data coupled with CN bias from larger 

























FR-I (n=17) 1,135.7±1,353.7 0.07±0.08 13.6±12.7 7.7±6.6 8.1±7.2 1.1± 1.7 82.4±12.0 57.9±12.9 
FR-P (n=21) 7,157.4±7,613.1 0.49±0.66 17.8±13.9 8.2±8.0 7.9±8.4 0.6±1.1 83.0±9.6 69.7±16.9 
LMS-I (n=12) 1,029.7±1,463.2 0.06±0.07 11.1±11.0 6.6±7.3 6.4±7.3 0.4±0.8 77.5±10.2 57.6±15.8 
LMS-P (n=16) 7,442.2±8,292.0 14.1±10.3 13.6±9.8 8.0±7.0 8.4±7.5 0.8±1.3 84.2±9.8 73.0±16.4 
--------------------2005-------------------- 
FR-I (n=11) 905.1±1,688.0 0.06±0.09 9.5±4.7 5.2±3.6 5.5±3.9 0.7±1.0 82.0±9.1 65.4±19.4 
FR-P (n=9) 4,574.0±9,079.3 0.30±0.53 8.7±4.78 4.9±3.4 4.4±3.4 0.1±0.1 82.7±9.1 67.0±18.9 
LMS-I (n=9) 311.0±443.7 0.02±0.02 7.0±3.6 3.9±2.1 3.7±2.1 0.3±0.3 81.1±7.1 61.7±14.8 
LMS-P (n=11) 3,273.1±6,537.6 0.20±0.40 10.3±4.7 5.9±3.2 5.5±3.1 0.3±0.2 82.3±8.1 65.7±17.3 
--------------------2006-------------------- 
FR-I (n=8) 229.9±491.6 0.01±0.01 9.3±9.2 5.3±6.9 5.3±6.6 0.2±0.1 78.5±8.4 55.6±10.1 
FR-P (n=9) 4.2±8.8 0.00±0.00 10.9±9.2 7.0±8.4 6.8±8.0 0.2±0.1 73.1±11.9 43.9±11.8 























LMS-P (n=10) 501.8±447.2 0.04±0.03 8.0±3.4 4.1±1.8 3.5±2.0 0.2±0.1 83.9±4.6 66.2±10.4 
--------------------2008-------------------- 
FR-I (n=5) 84.0±73.4 0.01±0.01 10.4±5.6 4.8±3.7 6.1±3.8 1.4±1.7 78.6±5.2 54.8±10.5 
FR-P (n=10) 452.8±598.1 0.03±0.04 12.8±7.3 7.1±4.3 7.0±5.7 0.7±1.4 78.3±5.0 54.3±9.9 
LMS-I (n=17) 246.7±212.2 0.01±0.01 13.9±5.6 7.1±3.5 7.3±3.5 0.7±1.1 81.4±6.6 62.3±13.8 
LMS-P (n=12) 1,758.7±4,501.9 0.07±0.13 13.2±6.4 7.8±4.3 7.4±4.8 0.5±0.8 81.4±8.1 62.2±15.6 
--------------------Intermittent-------------------- 
FR-I (n=41) 768.8±1,291.2 0.05±0.07 11.2±9.5 6.3±5.6 6.6±5.9 0.9±1.4 79.0±8.4 60.1±14.3 
LMS-I (n=43) 529.4±951.9 0.03±0.03 11.1±8.1 6.2±5.9 6.4±5.9 0.7±1.4 80.0±8.1 61.3±14.5 
FR-I and LMS-I 
(n=84) 647.7±1,132.0 0.04±0.06 11.2±8.8 6.3±5.9 6.5±5.9 0.8±1.4 79.4±8.3 60.7±14.3 
--------------------Perennial-------------------- 
FR-P (n=49) 3,789.4±6,878.6 0.26±0.52 12.5±10.7 7.0±6.7 6.8±7.0 0.5±1.0 80.0±9.3 61.9±17.9 
LMS-P (n=49) 3,698.0±6,456.4 0.21±046 11.8±7.4 6.7±5.0 6.5±5.4 0.5±0.9 82.7±7.9 67.3±15.6 
FR-P and LMS-P 





2,305.7±5,174.1 0.14±0.37 11.7±9.0 6.6±5.7 6.6±6.0 0.6±1.2 80.5±8.5 62.8±15.8 





























FR-I (n=4) 717.8±837.7 0.04±0.02 8.8±4.8 6.4±4.9 6.7±5.3 0.6±0.5 71.8±12.9 50.0±18.3 
FR-P (n=13) 1095.7±1,489.3 0.16±0.19 7.5±4.0 5.0±3.6 4.6±3.6 0.3±0.3 78.0±8.8 57.3±12.0 
LMS-I (n=4) 4.8±4.3 0.00±0.00 10.8±4.6 7.1±3.8 6.1±6.5 0.8±1.5 63.2±14.3 33.5±14.8 
LMS-P (n=13) 105.7±122.0 0.02±0.01 7.9±4.1 4.2±2.4 3.9±3.3 0.8±0.9 73.2±12.9 47.0±16.6 
--------------------2010-------------------- 
FR-I (n=0) --3 -- -- -- -- -- -- -- 
FR-P (n=10) 2,423.2±4,985.4 0.06±0.05 10.9±5.0 5.9±3.6 5.9±3.2 0.6±1.2 79.2±10.0 60.1±19.5 
LMS-I (n=0) -- -- -- -- -- -- -- -- 
LMS-P (n=10) 2,587.9±5,611.5 0.15±0.29 9.6±4.9 5.6±3.1 4.9±3.1 0.2±0.3 79.9±9.4 61.1±17.8 
--------------------2011-------------------- 
FR-I (n=0) -- -- -- -- -- -- -- -- 
FR-P (n=22) 3301.8±5422.8 0.16±0.22 17.3±12.3 8.1±5.7 8.1±7.3 1.2±4.3 83.8±5.8 68.7±13.0 
LMS-I (n=0) -- -- -- -- -- -- -- -- 
LMS-P (n=22) 4,129.3±6,197.9 0.19±0.24 16.3±10.7 8.6±6.9 9.8±8.5 1.4±2.9 86.2±7.3 73.5±15.5 
--------------------2013-------------------- 
FR-I (n=0) -- -- -- -- -- -- -- -- 
FR-P (n=17) 1,874.6±3,469.8 0.11±0.18 10.8±8.1 6.3±5.2 5.4±5.2 0.2±0.2 82.4±4.0 64.0±10.2 
LMS-I (n=0) -- -- -- -- -- -- -- -- 





























FR-I (n=4) 378.3±409.3 0.03±0.03 7.8±4.9 5.4±5.1 5.6±5.4 0.4±0.3 71.2±12.9 50.0±18.3 
LMS-I (n=4) 6.0±3.9 0.01±0.01 9.9±4.7 5.9±3.0 3.8±4.6 0.1±0.0 63.2±14.3 33.5±14.8 
FR-I and LMS-I (n=9) 192.2±333.7 0.02±0.03 8.9±4.6 5.7±3.9 4.7±4.7 0.2±0.2 67.2±13.3 41.8±17.8 
--------------------Perennial-------------------- 
FR-P (n=63) 2,313.3±4,267.0 0.13±0.18 12.4±9.6 6.6±4.9 6.3±5.6 0.6±2.6 81.5±7.2 63.7±13.9 
LMS-P(n=63) 2,427.5±4,726.8 0.12±0.20 12.7±9.8 7.2±6.3 6.9±7.2 0.6±1.7 82.0±9.7 64.2±17.7 
FR-P and LMS-P 
(n=124) 2,327.0±4,474.4 0.12±0.19 12.5±9.6 6.8±5.6 6.5±6.4 0.7±2.3 81.4±8.4 63.4±15.8 
--------------------Overall-------------------- 
FR-I, FR-P, LMS-I and 
LMS-P (n=133) 2,190.4±4,359.1 0.12±0.19 12.2±9.4 6.7±5.5 6.4±6.2 0.7±2.2 80.5±9.4 62.0±16.7 
1FR-I=Falling Rock intermittent, FR-P=Falling Rock perennial, LMS-I=Little Millseat intermittent, and LMS-P=Little Millseat perennial. 
2CN=curve number. 




The reason a significant difference in CN prior to and following the extreme storm event for 
the LMS intermittent site but not the FR intermittent site is unknown as no other 
hydrograph parameters were significantly different. A landslide occurred in the LMS  
watershed upgradient of the intermittent site as a result of the extreme storm event. It is 
possible that the landslide had a small effect on CN at the intermittent site in LMS; however 
conclusions cannot be made because of the small amount of data at the intermittent sites for 
the period following the extreme storm event. 
3.4 CONCLUSIONS 
Leopold (1968) noted that a stream’s peak flow, total runoff, water quality, and 
morphology can change significantly in response to natural and anthropogenic influences. 
Large, infrequent storm events have the potential to alter watershed and stream morphology 
thus impacting storm hydrograph response (Wolman and Miller, 1960). This study examined 
the effect of an extreme storm event (>50 year 24 hour) on the hydrologic response of two 
watersheds (FR and LMS) in the University of Kentucky’s Robinson Forest. The hydrograph 
parameters discharge volume, peak discharge, discharge duration, peak time, lag time, 
response time, and CN (l=0.2 and 0.05) were examined for four-year periods both before 
and after the extreme storm event. Intermittent and perennial sites were examined within 
each watershed. Results indicated that the extreme event produced no significant differences 
in hydrologic response with the exception of CN (l=0.2 and 0.05) for the LMS intermittent 
site. The CNs at the LMS intermittent site were significantly lower following the extreme 
storm event; however, this finding is largely due to the availability of only a small dataset 
comprised of storms with larger rainfall depths. 
The results of this study indicate that the extreme storm event did not have a 
significant effect on the hydrologic response of FR and LMS watersheds even though the 
event caused landslides, severe streambank erosion, and bed scour throughout Robinson 
Forest as visually evidenced (Figure 3.1). In this instance, the visually observed changes in 
channel geomorphology were not sufficient to induce changes in hydrologic response. Lack 
of change may be related to the geology of the FR and LMS watersheds. Streams within 




by bedrock generally experienced little change even during large flood events due in part to 
the ability of such a boundary to better resist erosion. 
Findings suggest that perennial sites in both watersheds can be used interchangeably 
as reference reaches or controls in paired watershed and other such studies. It is 
recommended that additional data collection efforts focus on the intermittent sites as 
conclusions regarding the effect of the extreme storm event on hydrologic response of these 




CHAPTER 4: HYDROLOGIC ASSESSMENT OF A STREAM CREATED ON 
A VALLEY FILL 
4.1 INTRODUCTION 
In 2013, surface mining accounted for 51% of the total tonnage of coal mined in 
Kentucky (KEEC, 2014). Surface mining involves (1) clearing and grubbing to remove trees 
and other vegetation, (2) removal of unconsolidated material and overburden above the coal 
seams, often through the process of drilling and blasting, (3) extraction and transport of coal, 
and (4) replacement of overburden in an effort to restore the general topographic shape of 
the mountain (e.g. AOC or approximate original contour) though not necessarily to the 
original elevations (NRC, 2007; KGS, 2012). The process of extracting the overburden 
involves blasting large rock into smaller fragments meaning the amount of void space in the 
overburden, and hence the volume of the overburden, can increase as much as 20 to 25% 
(Hawkins, 1998). The steep slopes characteristic of the Appalachia Coalfields prevents the 
return of excess overburden to the mine bench. Instead, this excess overburden is 
commonly disposed in adjacent valleys resulting in the burial of headwater streams (USEPA, 
2010b). Between 1985 and 2001, the U.S. Office of Surface Mining (USOSM) estimated that 
about 1,191 km of headwater streams were lost in Ohio, West Virginia, and Kentucky due to 
the placement of overburden in valleys (USEPA, 2011). Furthermore, the surface mining 
process through blasting, removal and replacement of overburden transforms low permeable 
bedrock into highly permeable spoil resulting in the loss of perched aquifers, which once fed 
many of these headwater streams (Callaghan et al., 2000; USEPA, 2010a; USEPA, 2011b).   
Economic factors related to an abundant supply of natural gas (EIA, 2015) and 
production costs of dwindling coal reserves (USGS, 2003; MACED, 2009) coupled with 
regulatory actions initiated by the USEPA (USEPA, 2003; USEPA, 2011c) have helped lead 
to a significant decrease in surface mining of coal in the eastern Kentucky (KYDNR, 2015). 
Despite the recent decrease in demand for coal, the need exists to restore headwater stream 
systems particularly those which were once on previously mined lands (e.g. abandoned 
mined lands) in an effort to replace the lost ecosystem services (e.g. water, sediment and 
organic matter inputs to downstream reaches; habitat provision for aquatic and terrestrial 




Gomi et al., 2002). Understanding how to restore headwater streams, particularly ephemeral 
and intermittent ones which are the ones most often physically altered during the surface 
mining process, is a critical step to replacing lost ecosystem functions in the Appalachian 
Coalfields (Bernhardt and Palmer, 2011; Palmer and Hondula, 2014). However, questions 
remain regarding how to best replace or restore headwater stream systems in steep 
environments such as those of the Appalachian Coalfields. Headwater streams in this region 
are generally quite steep (>30%), located in narrow valleys, and are vertically confined (i.e. 
bedrock controlled) (Wallace et al., 1992; Benda, 2005). While ephemeral streams flow in 
response to rainfall, intermittent ones are often supplied by perched aquifers located above 
low permeability layers (Nadeau and Rains, 2007). The fractured nature of these weathered 
rock layers allows perched aquifers to form springs near coal outcrops (Wallace et al., 1992; 
USEPA, 2011).  
To date, stream restoration efforts in the Appalachian Coalfields have largely focused 
on lower gradient perennial systems located in unmined watersheds (Palmer and Hondula, 
2014). Few attempts exist at restoring ephemeral and intermittent headwater streams in this 
region, and in particular, restoring such streams on previously mined lands. Part of this 
reason is the need to restore the entire watershed. In addition to altering streams, the surface 
mining process removes forests and modifies surface and groundwater connections (NAS, 
1990; Callaghan, 2000; Zipper et al., 2011). Efforts to restore watersheds impacted by 
surface mining require an understanding of hydrologic, geomorphic, and ecological 
processes as well as the interconnectedness of such processes (Kauffman et al., 1997; 
Bennett et al., 2011). As noted in the Stream Functions Pyramid, restoration of these 
watersheds such that they can support thriving aquatic communities is expected to occur 
when the more basic functions of hydrology, hydraulics, geomorphology and physiochemical 
have been restored (Harmon et al., 2012). 
One effort to restore a headwater stream system on previously surface mined lands 
occurred at Guy Cove, which is located near Rowdy, Kentucky. Guy Cove is a valley fill 
created during the 1990’s by the American Electric Power Kentucky Coal mining operation 
that extensively mined the Hazard 7 and 9 coal seams (Agouridis et al., 2009). From mid-
2008 to early-2009, the University of Kentucky constructed over 1,400 m of stream (474 m 
ephemeral, 760 m intermittent, and 184 m perennial) at Guy Cove using a natural channel 




2,000 m2 vernal pools along with a treatment wetland and the planting of 30,000 trees on 
16.2 ha in accordance with the Forestry Reclamation Approach (FRA). From 2010 through 
2013, the restored stream was monitored with regards to hydrology, geomorphology, water 
quality, vegetation, and habitat (Agouridis et al., 2009).  
As hydrology is the foundation of stream restoration, pre-disturbance hydrologic 
functions such as precipitation-runoff relationships and flow duration must be reestablished 
for a stream restoration project to demonstrate hydrologic success (NRC, 1992; Harman et 
al., 2012). The objective of this study was to assess the hydrologic performance of the 
restored stream system at Guy Cove by (1) evaluating precipitation-runoff relationships and 
(2) flow durations both for the restored intermittent and perennial reaches in comparison to 
an unmined forested watershed (reference condition) and a traditionally constructed valley 
fill. Assessment of the hydrologic performance of this recreated stream system will further 
our understanding of how to reestablish lost headwater ecosystem functions on surface 
mined lands of which there are presently more than 600,000 ha in Appalachia (Zipper et al., 
2011). 
4.2 METHODS 
4.2.1 Study Sites 
The study sites are located in the University of Kentucky’s Robinson Forest, which is 
a 6,100 ha teaching, research and extension experimental forest located in the Cumberland 
Plateau region of southeastern Kentucky. Robinson Forest consists of long, rectilinear side 
slopes cut into layers of siltstone, sandstone and shale (Hayes, 1991; Cherry, 2006). 
Vegetation is second growth (95+ years old) and is consistent with a mixed-mesophytic 
forest with the overstory dominated by oak (Quercus sp.), hickory (Carya sp.), and yellow-
poplar (Liriodendron tulipifera) (Witt, 2012). The climate at Robinson Forest is temperate-
humid-continental with an average annual rainfall of 118 cm (Cherry, 2006) and high and 
low temperatures ranging from 30 to 18°C, respectively, during the summer months and 6 
and -5°C, respectively, during the winter months (USDC, 2002). During the mid-1990s, a 
nearly 810 ha section of Robinson Forest was mined for coal resulting in the creation of 
several valley fills two of which were Guy Cove and Wharton Branch. Three separate stream 
systems were monitored: (1) an unmined headwater stream (Falling Rock), (2) a created 




stream located immediately down-gradient of a traditionally constructed valley fill (Wharton 
Branch) (Figure 4.1). Streams at all three sites are first-order streams (Strahler, 1954). 
4.2.1.1 Falling Rock 
Falling Rock (FR) is a 92.4 ha watershed with a minimum elevation of 304 m, 
maximum elevation of 455 m, and drainage density of 0.0040 m m-2 (Cherry, 2006). The FR 
watershed is characterized by steep slopes (25 to 60%) and a narrow valley with well-drained 
soils derived from siltstone, sandstone and shale (Hayes, 1991) (Figure 4.2). The FR 
watershed is “square” in shape with a L:W (length to width ratio) of about 1:1. At the 
monitored point, FR is a perennial stream with a mean daily flow for the combined periods 
of 1971-1996 and 1998 to 2005 of 0.55 m3 s-1. While a monitoring station is present at the 
intermittent section of FR, this site was not used because hydrologic data were not available 
after 2009. 
4.2.1.2. Guy Cove 
Guy Cove is an approximately 44 ha watershed with a pre-mining drainage density of 
0.0034 m m-2. Post-mining, the majority of the headwater stream system with the exception 
of about 145 m was buried by a valley fill. From mid-2008 to early-2009, over 1,400 m of 
ephemeral, intermittent and perennial streams were either created or restored on the crown 
and toe of the valley fill at Guy Cove (Agouridis et al., 2009). Hydrologic monitoring 
occurred at three locations at GC along the intermittent and perennial reaches: GC01, GC02, 
and GC03 (Figure 4.3). GC01 is located immediately above the restored intermittent stream 
and monitors runoff from 9.2 ha of regenerated forest comprised of yellow poplar 
(Liriodendron tulipifera), white oak (Quercus alba), sweet birch (Betula lenta), American beech 
(Fagus grandifolia), red maple (Acer rubrum), black walnut (Juglans nigra), and sycamore (Acer 
pseudoplatanus) (Maupin, 2012) (Figure 4.4). The GC01 watershed was not mined, however, 
the forest was scalped. GC01 receives discharge from a spring that flows nearly year-round 





Figure 4.1: Location map of the study sites Falling Rock (FR), Guy Cove (GC01, GC02 and 
















Figure 4.3: Guy Cove hydrologic monitoring stations. Total drainage area (subwatershed 





Figure 4.4: Guy Cove 01 (GC01) is an intermittent reach located immediately upgradient of 





Figure 4.5: Guy Cove 02 (GC02) is an intermittent reach located at the crest of the valley fill 





GC02 is located downstream of GC01 and is at the crest (i.e. interface between the 
crown and face) of the valley fill (Figure 4.5).  GC02 measures runoff water from a drainage 
area of 38.4 ha which includes runoff from GC01 and the retrofitted valley fill.  The stream 
immediately below GC01 has an average slope of ≤1% for around 400 m creating a stream-
vernal pool complex (Figure 4.6). The channel slope gradually increases to about 6% before 
once again decreasing to about 1% at GC02. The created stream is intermittent at GC02. 
The land cover on the retrofitted valley fill includes young trees, which were planted in 
riparian and upland zones in 2009, and herbaceous species; primarily tall fescue and 
lespodeza. The established riparian area forest is comprised of American sycamore (Platanus 
occidentalis), American beech (Fagus grandifolia), green ash (Fraxinus pennsylvanica var. 
subintegerrima), swamp chestnut oak (Quercus michauxii), white oak (Quercus alba), silver maple 
(Acer saccharinum), river birch (Betula nigra), dogwood (Cornus sp.), and black willow (Salix 
nigra).  The established upland forest consist of Yellow poplar (Liriodendron tulipifera), white 
oak (Quercus alba), northern red oak (Quercus rubra), chestnut oak (Quercus prinus), white ash 
(Fraxinus americana), sugar maple (Acer saccharum), eastern white pine (Pinus strobus), black 
locust (Robinia pseudoacacia), dogwood and redbud (Cercis Canadensis). 
GC03 is located at the toe of the valley fill and receives discharge from the created 
stream (GC01 and GC02) as well from a seep connected to the underdrain (Figure 4.7). GC 
03 has a drainage area of 43.6 ha. The restored stream at GC03 is perennial. 
4.2.1.3 Wharton Branch 
Wharton Branch is a mined headwater stream, a portion of which was buried by a 
valley fill. The drainage area for WB is 44.1 ha. The WB watershed is comprised mostly of 
open hay pasture and some exotic shrubs and conifers with a regenerating mixed mesophytic 
forest at the toe of the valley fill.  WB is within 6 km of FR and 1 km of GC. WB is a 
perennial stream. 
4.2.2 Hydrologic Data 
4.2.2.1 Data Collection 
Rainfall data (15-min intervals) were recorded using a weather station with tipping 





Figure 4.6: Down-gradient of Guy Cove 01 (GC01), the low gradient nature of the stream 













weather station is located central to the three study sites. Streamflow data were collected at 
FR, GC01, GC02, GC03 and WB. At FR, discharge data were collected using 3:1 side-sloped 
broad-crested combination weirs (Cherry, 2006). At WB, an H-flume was used to 
accommodate the size of the unrestored stream and adjacent floodplain. GC01, GC02 and 
GC03 utilized trapezoidal flumes due to the low flow volume expected at the location.  Stage 
height was recorded at 15-minute intervals using In-Situ miniTroll pressure transducers (5 
psig) (Fort Collins, CO) at FR and at 10-minute intervals using In-Situ Level TROLL® 500 
(5 psig) pressure transducers (Fort Collins, CO) at GC01, GC02, GC03 and WB. Stage 
height was converted to discharge using equations 4.1 for FR; 4.2 for GC01, GC02, and 
GC03; and 4.3 for WB. Data were continuously recorded from mid-March to mid-
November. Streamflow data were not recorded during the winter months due to freezing 
conditions. 
 
𝑄𝐹𝐹 = 9.7047𝐻3.634 (eqn. 4.1) 
   
𝑄𝐺𝐺 = 3.23𝐻2.5 + 0.63𝐻1.5 + 0.05 (eqn. 4.2) 
 
𝑄𝑊𝑊 = 0.53𝐻3 + 1,744𝐻2 + 0.1359𝐻 − 0.0036 (eqn. 4.3) 
 
The variables QFR, QGC and QWB represent discharge (ft
3 s-1); subscripts FR, GC, and WB 
represent Falling Rock, Guy Cove, and Warton Branch, respectively; and H represents stage 
height (ft). Discharge values were then converted to m3 s-1. 
4.2.2.2 Storm Hydrograph Analysis 
Data were analyzed for 54 rainfall events in total: 12 in 2010, 17 in 2011, 11 in 2012, 
and 14 in 2013. All storm events during this period with a depth greater than 10.7 mm were 
analyzed. Storm events were not used in the analysis if hydrograph data were missing for two 
or more sites. Discharge data were not available for GC02 from July through November of 
2011 due to equipment failure. Baseflow was separated from each storm hydrograph using 
the concave method as outlined by McCuen (2004). McCuen (2004) states that the concave 
method better represents physical processes driving storm flow conditions. For each storm 




lag time, and response time were computed. Peak time was defined as time of start of flow 
to the time peak discharge, lag time was defined as the start of precipitation to the time of 
peak discharge, and response time was defined as the start of precipitation to the start of 
discharge (SCS, 1972; Taylor et al., 2009b). Curve numbers (CN) were computed using the 
method outlined by the Natural Resources Conservation Service in the National Engineering 




(𝑃 + 𝐼𝑎) + 𝑆
 𝑓𝑓𝑓 𝑃 ≥ 𝐼𝑎 (eqn. 4.4a) 
 
𝑄 = 0 𝑓𝑓𝑓 𝑃 ≤ 𝐼𝑎 (eqn. 4.4b) 
 
𝐼𝑎 = 𝜆𝑆 (eqn. 4.5) 
 
𝑆 = 5[𝑃 + 2𝑄 − (4𝑄2 + 5𝑃𝑄)0.5] 𝑓𝑓𝑓 𝜆 = 0.2 (eqn. 4.6a) 
 
𝑆 = 10[2𝑃 + 19𝑄 − (361𝑄2 + 80𝑃𝑄)0.5]  𝑓𝑓𝑓 𝜆 = 0.05 (eqn. 4.6b) 
 
The variable Q represents direct storm runoff (mm; Qf or Qw), P is storm rainfall (mm), Ia is 
initial abstraction (mm), l the initial abstraction coefficient, and S is storage (mm). 
Traditionally, CNs were calculated using l of 0.2 though current research indicates a l of 
0.05 is more appropriate (Hawkins et al., 2002). To better allow for comparisons across 
studies, values of 0.2 and 0.05 for l were used in this study. CNs were computed for 
antecedent moisture condition (AMC) II though the 5-day prior rainfall amounts are 
provided if adjustments (AMCs I or III) are desired.  While it is recognized that AMC plays 
an important role in the volume and rate of runoff (McCuen, 2005), it has also been called 
into question as way of explaining variations in CN (Fennessey and Hawkins, 2001). Because 
no risk analysis was performed as part of this study, the use of AMC II was selected based 





4.2.2.3 Baseflow Analysis 
Langbein et al. (1947) defined baseflow as the “sustained or fair-weather flow”; it is 
considered to consist mainly of water from groundwater sources such as springs and seeps. 
Baseflow or baseflow (i.e. non-storm event flow) data were computed monthly for each 
monitoring site. During storm event periods, discharge volumes associated with storms (i.e. 
direct runoff or quickflow) were subtracted from total volumes to compute baseflow 
volumes. Monthly baseflow volumes at each monitoring site were normalized by their 
respective drainage areas. The number of days surface water was present at each monitoring 
site was determined using stage height data (i.e. flow present). At GC01 and GC02, time-
lapsed photos collected using Plant Cams (Windscapes, Calera, AL) were used to confirm 
the presence of flow when water levels were low. 
4.2.2.3 Seasonal Analysis 
Sena et al. (2015) noted that vegetation in the form of trees planted in accordance 
with the FRA and groundcover significantly reduced discharge volumes from test plots 
during the growing season. The effects noted by Sena et al. (2014) were from vegetation 
during its ninth growing season. By the end of the monitoring period in 2013, vegetation at 
Guy Cove was in its fourth growing season. If vegetation is exerting a significant effect on 
the hydrology at Guy Cove, it is expected to occur largely during non-storm periods (i.e. 
baseflow conditions). The growing season for the project site extends from April 20 to 
October 26. Insufficient data were available during the non-growing season to allow for the 
comparison of baseflow volumes between growing and non-growing seasons. Therefore, 
monthly (e.g. May through October) baseflow volumes for only the growing season were 
examined for temporal trends (i.e. year to year comparisons) at each site.  
4.2.3 Statistical Analysis 
Repeated measures one-way analysis of variances (ANOVAs) in SigmaPlot® were 
used to identify statistically significant differences (p≤0.05) in Z-scores of the storm 
hydrograph parameters discharge volume, peak discharge, discharge duration, peak time, lag 
time, and response time as well as CN (λ=0.2 and 0.05) between the sites (e.g. FR vs. GC01) 
and between years at each site (e.g. GC01-2010 vs. GC01-2011) (Abdi, 2007). Z-scores were 




standardize storm hydrograph characteristics as large variations (e.g. depth, duration, and 
intensity) in storm events exist. Statistically significant differences (p≤0.05) in Z-scores of 
monthly baseflow volumes between sites and between years at each site were examined. The 
storm hydrograph parameters discharge volume and peak discharge along with monthly 
baseflow values were normalized by the sites’ drainage areas prior to the computation of Z-
scores. The storm hydrograph parameters discharge duration, peak time, lag time, response 
time, and CN (λ=0.2 and 0.05) were not normalized. Repeated measures one-way ANOVAs 
were used to examine Z-scores of storm hydrograph parameters and monthly baseflow 
volumes for seasonal significant effects by (p≤0.05) (i.e. between years at each site for only 
growing season period). Normality and equal variance requirements were checked using the 
Shapiro-Wilk procedure (p≤0.05) and Spearman rank correlation between absolute values of 
the residuals and observed value of the Levene median test, respectively, and if needed data 
were log transformed. The Holm-Sidak test was used for multiple comparisons when the 
ANOVAs indicated significant differences were present. Differences in storm event 
characteristics depth, duration and 5-day prior depth between periods prior to and following 
the extreme storm event were examined using one-way analysis of variance tests (ANOVAs) 
(p≤0.05). 
4.3 RESULTS AND DISCUSSION 
4.3.1 Storm Event Characteristics 
The minimum rainfall event used in this analysis was 10.7 mm; the maximum rainfall 
event was 46.2 mm (Table 4.1). The mean and median rainfall depths for the 58 storm 
events were 20.4 and 18.7 mm, respectively. All years exhibited lower than normal rainfall 
amounts (Table 4.2). Figure 4.8 shows monthly rainfall totals for each year along with 
monthly rainfall normals (USDC, 2002). April of 2011 was the wettest month (>132 mm 
above normal) followed by July of 2012 (>90 mm above normal). August and September 
were the driest months. No significant difference were noted between the years 2010, 2011, 
2012, and 2013 for rainfall depth or duration but significant differences were found with 5-
day prior rainfall depths. Significantly greater amounts of rainfall fell five days prior to the 




4.3.2 Storm Hydrograph Characteristics 
4.3.2.1 All Years Combined 
Tables 4.3-4.10 contain the normalized storm hydrograph parameter values and Z-scores for 
each event. A comparison of the storm hydrograph characteristics discharge volume, peak 
discharge, discharge duration, peak time, lag time, and response time as well as CNs (λ=0.2 
and 0.05) showed significant differences among sites (Table 4.11). During the four-year 
monitoring period, FR, GC03 and WB had the largest storm discharge volumes while GC01 
and GC02 had the smallest storm discharge volumes. Peak discharges were largest with FR, 
GC03 and WB and smallest for GC01 and GC02. Discharge durations were longest for FR 
and GC01 and shortest for GC02, GC03 and WB. While response time did not vary 
between the sites, both lag time and peak time were longest for FR and GC01 and shortest 
for GC02, GC03 and WB. CNs (λ=0.2 and 0.05) were largest for GC03 and WB followed by 
GC01 and then GC02 and FR. Representative hydrographs from both a large and small 
event are presented in Figures 4.9 and 4.10, respectively. CNs (λ=0.2 and 0.05) were largest 
for GC03 followed by WB and GC01 and then GC02 and FR.  
The relatively larger discharge volumes, higher peak discharges, longer discharge 
durations, longer peak and lag times, and lower CNs were expected for forested watersheds  
such as FR (Hawkins, 1993; Bonta et al., 1997; Taylor et al., 2009a). Tree canopy is estimated 
to intercept 10-20% of rainfall while litter on the forest floor intercepts an estimated 
additional 1-5% (Blow, 1955; Helvey, 1964; Helvey and Patric, 1965). Large macropores 
created by decayed tree roots and burrowing animals allow rainfall to infiltrate quickly 
(Mosely, 1982) while the shallow soils depths and underlying sandstone geology in FR means 
infiltrated waters quickly move through forest soils as interflow or subsurface quickflow 
(Ormsbee and Khan; 1987). The soils in FR are shallow (1.0-1.8 m in depth) and contain 






Table 4.1: Storm event characteristics for Falling Rock, Guy Cove, and Wharton Branch 
watersheds. 
Date Depth (mm) Duration (hr) 5 Day Prior Depth (mm) 
12 March 2010 14.0 3.5 4.6 
8 April 2010 22.1 3.3 1.0 
27 April 2010 14.5 7.8 31.5 
1 May 2010 24.6 5.5 19.3 
14 May 2010 12.4 0.8 4.1 
4 June 2010 22.1 3.5 3.8 
28 June 2010 29.2 5.3 9.1 
11 August 2010 34.8 1.5 0.0 
18 August 2010 34.5 11.3 7.9 
11 September 2010 17.3 3.3 0.0 
25 October 2010 17.8 4.8 0.0 
26 October 2010 10.7 2.8 17.8 
9 April 2011a 17.5 1.8 33.5 
9 April 2011b 16.0 0.5 51.3 
24 April 2011 14.2 4.5 17.5 
27 April 2011 41.1 11.0 20.6 
3 May 2011 23.4 8.3 8.1 
13 May 2011 17.3 1.8 14.7 
23 May 2011 16.8 1.5 8.6 
24 May 2011 13.2 3.5 25.9 
26 May 2011 11.9 6.3 40.6 
18 June 2011 13.0 3.5 5.3 
12 July 2011 19.3 10.8 6.6 
15 July 2011 14.2 14.8 23.9 
4 September 2011 16.3 16.0 0.3 
21 September 2011 16.0 7.5 6.9 




Table 4.1 (cont’d). 
Date Depth (mm) Duration (hr) 5 Day Prior Depth (mm) 
28 October 2011 14.5 15.5 18.0 
3 November 2011 17.0 5.0 0.5 
1 May 2012 18.5 9.8 23.9 
4 May 2012 20.1 9.0 26.9 
8 May 2012 15.7 13.0 33.5 
13 May 2012 24.9 17.0 33.5 
12 July 2012 21.1 17.3 16.0 
14 July 2012 22.4 1.5 41.4 
19 July 2012 23.1 2.0 62.0 
24 July 2012 43.4 0.5 42.2 
17 September 2012 46.2 29.3 46.5 
28 September 2012 12.4 8.0 10.7 
1 October 2012 14.5 4.3 14.5 
24 March 2013 19.8 16.8 0.3 
11 April 2013 11.7 3.8 0.3 
16 April 2013 24.4 3.0 12.4 
19 April 2013 14.7 4.5 39.9 
27 April 2013 21.3 7.3 9.4 
9 June 2013 14.5 2.3 7.9 
16 June 2013 20.8 5.5 17.5 
17 June 2013 18.0 13.5 33.8 
26 June 2013 18.0 2.3 3.6 
1 July 2013 18.3 0.5 15.7 
6 July 2013 45.7 19.3 39.6 
22 July 2013 12.7 0.5 0.8 
7 August 2013 11.2 1.5 3.0 




Table 4.2: Annual rainfall characteristics for Falling Rock, Guy Cove, and Wharton Branch 
watersheds. 
Year Recorded Depth (mm) Difference from Normal (mm)1 
2010 875.1 -379.4 
2011 1,103.9 -150.6 
2012 1,048.5 -206.0 
2013 800.12 -158.4 
1Normal annual rainfall depth is 1,254.5 mm (USDC, 2002). 




Figure 4.8: Monthly precipitation depth totals for Falling Rock, Guy  
Cove, and Wharton Branch watersheds as compared to long-term (30-year) normal for 












































































Table 4.3: Normalized discharge volumes (m x 106) for Falling Rock, Guy Cove, and 
Wharton Branch monitoring sites.1 Z scores are in parentheses. 
Date 
Site2 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 7.8 (1.0) 0.2 (-1.0) 1.0 (-0.7) 3.9 (0.0) -- 
8 April 2010 10.3 (1.4) 0.6 (-0.9) 4.5 (-0.3) 3.8 (-0.1) -- 
27 April 2010 24.3 (1.6) 9.3 (-0.1) 14.7 (-0.6) 9.2 (-0.1) 9.4 (-0.1) 
1 May 2010 21.2 (1.3) 1.7 (-0.8) 0.7 (-0.8) 12.4 (0.3) -- 
14 May 2010 0.8 (-0.9) 0.1 (-1.2) 20.5 (-0.7) 6.7 (1.1) 5.4 (0.7) 
4 June 2010 1.6 (-0.4) 1.3 (-0.6) 7.3 (-0.6) 1.4 (-0.5) 5.9 (1.5) 
28 June 2010 3.1 (-0.7) 0.8 (-0.9) 0.1 (-0.5) 12.2 (0.2) 24.2 (1.3) 
11 August 2010 5.1 (-1.0) -- 1.9 (-0.9) 10.9 (1.0) 7.9 (0.0) 
18 August 2010 8.6 (-0.8) -- 1.7 (-0.7) 18.4 (1.1) 11.0 (-0.3) 
11 September 2010 0.5 (-0.4) -- 1.3 (-1.3) 0.2 (-0.8) 1.5 (1.1) 
25 October 2010 0.2 (-0.6) -- -- 0.2 (-0.6) 2.0 (1.2) 
26 October 2010 0.4 (-0.9) -- 4.8 (0.3) 1.3 (-0.2) 2.9 (1.1) 
9 April 2011a 2.2 (-0.8) -- 0.4 (-1.1) 3.9 (-0.4) 11.7 (1.5) 
9 April 2011b 35.0 (1.2) 14.2 (-0.6) 0.2 (-0.5) -- -- 
24 April 2011 11.8 (1.1) -- 0.5 (-0.8) 3.9 (-0.3) -- 
27 April 2011 130.6 (1.5) 29.4 (-0.5) -- 38.1 (-0.3) -- 
3 May 2011 17.0 (1.4) 7.1 (-0.7) 0.1 (-1.3) 9.8 (-0.1) -- 
13 May 2011 1.7 (1.5) -- 0.2 (-0.6) 0.1 (-0.6) 0.3 (-0.3) 
23 May 2011 8.0 (1.1) -- -- -- 4.0 (-0.2) 
24 May 2011 20.1 (1.7) 3.0 (-0.5) -- 3.1 (-0.5) 6.1 (-0.1) 
26 May 2011 2.9 (-0.1) -- 1.0 (-0.6) 3.4 (0.3) 4.6 (1.1) 
18 June 2011 0.6 (0.8) 0.2 (-1.1) -- -- 0.5 (0.3) 
12 July 2011 3.6 (-0.1) 1.1 (-1.0) -- 7.7 (1.4) 2.9 (-0.3) 
15 July 2011 4.1 (1.0) 3.9 (0.7) -- 2.5 (-0.7) 2.1 (-1.0) 
4 September 2011 15.0 (0.7) -- -- -- 12.5 (0.4) 




Table 4.3 (cont’d). 
Date 
Site2 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 16.6 (-0.1) 25.2 (1.4) -- 12.2 (-1.0) 15.8 (-0.3) 
28 October 2011 12.2 (0.9) 9.9 (0.3) -- 9.3 (0.2) 2.9 (-1.4) 
3 November 2011 7.5 (1.4) -- -- 2.5 (-0.2) 2.1 (-0.3) 
1 May 2012 5.3 (0.8) 1.3 (-0.7) 0.2 (-0.9) 5.8 (0.9) 0.2 (-1.0) 
4 May 2012 8.5 (1.2) 0.4 (-0.5) 0.0 (-0.9) -- 0.1 (-0.6) 
8 May 2012 30.8 (1.2) -- 0.0 (-1.5) -- 1.6 (-0.6) 
13 May 2012 17.9 (0.9) -- 0.0 (-0.7) 17.9 (0.9) 3.3 (-0.7) 
12 July 2012 2.0 (-0.5) -- 0.0 (-0.7) 4.2 (1.2) 1.8 (-0.7) 
14 July 2012 2.4 (-1.0) -- -- 8.7 (-0.1) 17.0 (1.0) 
19 July 2012 12.3 (0.8) 2.0 (-1.1) -- 10.2 (0.4) -- 
24 July 2012 30.6 (1.0) 0.7 (-1.0) -- 15.7 (0.0) -- 
17 September 2012 18.2 (0.0) -- -- 18.7 (1.0) 17.8 (-1.0) 
28 September 2012 4.9 (1.4) 1.5 (-0.1) -- 0.4 (-0.6) 0.2 (-0.7) 
1 October 2012 1.6 (0.7) 1.5 (0.6) -- 1.2 (0.2) 0.3 (-1.5) 
24 March 2013 25.1 (1.1) -- 0.4 (-0.9) 8.0 (-0.2) -- 
11 April 2013 1.6 (1.3) 0.3 (-0.8) -- 0.9 (0.3) 0.2 (-0.8) 
16 April 2013 5.8 (-0.4) 14.5 (1.2) -- 11.0 (0.5) 9.2 (0.2) 
19 April 2013 16.1 (1.5) 0.9 (-0.6) 3.9 (0.0) 4.2 (-0.2) -- 
27 April 2013 23.3 (1.4) 0.2 (-1.0) 3.8 (-0.1) 8.5 (-0.1) 6.7 (-0.3) 
9 June 2013 1.4 (-0.9) -- 12.4 (0.3) 2.4 (1.1) 1.8 (-0.2) 
16 June 2013 1.3 (0.1) 0.1 (-1.3) 6.7 (1.1) 2.0 (1.1) 1.3 (0.1) 
17 June 2013 2.8 (-0.4) 1.1 (-0.7) 1.4 (-0.5) 12.1 (1.1) -- 
26 June 2013 11.8 (1.2) 2.1 (-0.6) 12.2 (0.2) 7.5 (0.4) -- 
1 July 2013 1.8 (0.8) 0.6 (-0.7) 10.9 (1.0) 1.9 (0.9) 0.4 (-1.0) 






Table 4.3 (cont’d). 
Date 
Site2 
FR GC 01 GC 02 GC 03 WB 
22 July 2013 125.4 (1.1) 40.7 (-0.2) 0.2 (-0.8) -- -- 
7 August 2013 1.0 (0.2) 0.4 (-0.5) 0.2 (-0.6) 2.5 (1.7) 0.3 (-0.6) 
21 September 2013 0.5 (-0.2) 0.2 (-1.3) 1.3 (-0.2) 0.8 (1.0) 0.7 (0.5) 
1Normalized by drainage area: FR=924,000 m2, GC01=91,864 m2, GC03=383,642 m2, GC03=435,546 m2, and 
WB=441,107 m2. 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 




Table 4.4: Normalized peak discharge (m-1 s-1 x 106) for Falling Rock, Guy Cove, and 
Wharton Branch monitoring sites.1 Z scores are in parentheses. 
Date 
Site2 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 0.1 (0.9) 0.0 (0.2) 0.0 (-0.7) 0.0 (-1.1) -- 
8 April 2010 0.1 (1.1) 0.0 (-1.2) 0.1 (0.5) 0.1 (0.5) -- 
27 April 2010 0.1 (1.1) 0.1 (-0.5) 0.1 (-0.5) 0.1 (0.6) 0.1 (0.3) 
1 May 2010 0.2 (0.8) 0.0 (-0.8) 0.0 (-1.0) 0.2 (1.0) -- 
14 May 2010 0.0 (-1.0) 0.0 (-1.0) 0.1 (-0.7) 0.2 (1.0) 0.2 (0.9) 
4 June 2010 0.0 (-1.0) 0.0 (-0.7) 0.1 (-0.3) 0.0 (1.0) 0.0 (0.7) 
28 June 2010 0.0 (-0.8) 0.0 (-0.8) 0.0 (-1.0) 0.3 (0.4) 0.5 (1.2) 
11 August 2010 0.1 (-1.1) -- 0.1 (-1.1) 0.3 (0.8) 0.2 (0.3) 
18 August 2010 0.0 (-0.8) -- 0.0 (-0.7) 0.3 (1.1) 0.1 (-0.3) 
11 September 2010 0.0 (-0.7) -- 0.0 (-1.2) 0.0 (-0.4) 0.0 (1.1) 
25 October 2010 0.0 (-0.7) -- -- 0.0 (-0.5) 0.0 (1.2) 
26 October 2010 0.0 (-1.0) -- 0.0 (-0.9) 0.0 (0.1) 0.1 (1.0) 
9 April 2011a 0.1 (-1.5) -- 0.0 (-1.1) 0.1 (0.5) 0.1 (0.5) 
9 April 2011b 0.5 (1.1) 0.1 (-0.7) 0.0 (0.0) -- -- 
24 April 2011 0.1 (0.5) -- 0.0 (-1.2) 0.1 (0.7) -- 
27 April 2011 0.7 (1.4) 0.1 (-0.8) -- 0.3 (0.1) -- 
3 May 2011 0.1 (1.0) 0.0 (-1.3) 0.0 (-1.7) 0.1 (0.5) -- 
13 May 2011 0.0 (0.9) -- 0.0 (-0.6) 0.0 (-0.6) 0.0 (0.3) 
23 May 2011 0.1 (0.4) -- -- -- 0.1 (0.7) 
24 May 2011 0.1 (1.6) 0.0 (-0.8) -- 0.1 (-0.3) 0.1 (0.2) 
26 May 2011 0.1 (1.2) -- 0.0 (-1.1) 0.0 (-0.7) 0.0 (0.8) 
18 June 2011 0.0 (-1.1) 0.0 (0.7) -- -- 0.0 (0.5) 
12 July 2011 0.0 (-0.5) 0.0 (-0.8) -- 0.2 (1.4) 0.1 (-0.1) 
15 July 2011 0.0 (0.3) 0.0 (-0.5) -- 0.0 (-1.1) 0.0 (1.2) 
4 September 2011 0.0 (0.3) -- -- -- 0.0 (0.8) 




Table 4.4 (cont’d). 
Date 
Site2 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 0.1 (0.2) 0.0 (-1.3) -- 0.0 (0.0) 0.1 (1.1) 
28 October 2011 0.0 (-0.4) 0.0 (-0.4) -- 0.0 (-0.7) 0.0 (1.5) 
3 November 2011 0.0 (-0.5) -- -- 0.0 (0.5) 0.0 (1.1) 
1 May 2012 0.1 (0.7) 0.0 (-0.6) 0.0 (-1.1) 0.1 (1.0) 0.0 (-1.1) 
4 May 2012 0.0 (0.9) 0.0 (0.1) 0.0 (-1.7) -- 0.0 (-1.1) 
8 May 2012 0.1 (1.1) -- 0.0 (-1.2) -- 0.0 (-0.4) 
13 May 2012 0.1 (0.3) -- 0.0 (-1.0) 0.1 (1.3) 0.0 (-0.6) 
12 July 2012 0.0 (1.2) -- 0.0 (-1.4) 0.0 (-0.5) 0.0 (-0.7) 
14 July 2012 0.1 (-1.1) -- -- 0.3 (0.2) 0.4 (0.9) 
19 July 2012 0.3 (0.5) 0.0 (-1.2) -- 0.3 (0.6) -- 
24 July 2012 1.0 (1.0) 0.0 (-1.0) -- 0.5 (0.0) -- 
17 September 2012 0.1 (-0.9) -- (--) -- 0.2 (-0.1) 0.3 (1.0) 
28 September 2012 0.0 (-0.4) 0.0 (1.5) -- 0.0 (-0.4) 0.0 (-0.7) 
1 October 2012 0.0 (0.2) 0.0 (0.5) -- 0.0 (0.7) 0.0 (-1.5) 
24 March 2013 0.1 (0.9) -- 0.0 (-0.8) 0.1 (0.2) -- 
11 April 2013 0.0 (-0.1) 0.0 (1.4) -- 0.0 (-1.0) 0.0 (-0.4) 
16 April 2013 0.1 (-0.2) 0.1 (-0.4) -- 0.3 (1.5) 0.2 (0.4) 
19 April 2013 0.2 (1.2) 0.1 (-0.5) 0.0 (-1.1) 0.1 (0.4) -- 
27 April 2013 0.1 (1.4) 0.0 (-0.8) 0.1 (0.5) 0.1 (0.1) 0.0 (-0.6) 
9 June 2013 0.0 (-0.9) -- 0.2 (1.0) 0.1 (1.1) 0.0 (-0.2) 
16 June 2013 0.0 (-1.0) 0.0 (-0.6) 0.2 (1.0) 0.0 (0.3) 0.0 (1.3) 
17 June 2013 0.0 (-0.6) 0.0 (-0.6) 0.0 (1.0) 0.2 (1.2) -- 
26 June 2013 0.0 (-0.1) 0.0 (-1.0) 0.3 (0.4) 0.1 (1.0) -- 
1 July 2013 0.0 (-0.7) 0.0 (-0.2) 0.3 (0.8) 0.1 (1.5) 0.0 (-0.5) 




Table 4.4 (cont’d). 
Date 
Site2 
FR GC 01 GC 02 GC 03 WB 
22 July 2013 0.5 (1.1) 0.2 (-0.3) 0.0 (-0.4) -- -- 
7 August 2013 0.0 (-0.5) 0.0 (0.0) 0.0 (-0.5) 0.1 (1.6) 0.0 (-0.1) 
21 September 2013 0.0 (-1.3) 0.0 (-0.3) 0.0 (0.1) 0.0 (0.6) 0.0 (1.0) 
1Normalized by drainage area: FR=924,000 m2, GC01=91,864 m2, GC03=383,642 m2, GC03=435,546 m2, and 
WB=441,107 m2. 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 




Table 4.5: Discharge duration (hr) for Falling Rock, Guy Cove, and Wharton Branch 
monitoring sites. Z scores are in parentheses. 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 9.3 (1.1) 1.8 (-0.9) 51.0 (1.1) 4.2 (-0.2) -- 
8 April 2010 9.0 (1.3) 4.0 (-0.6) 2.5 (-0.9) 6.3 (0.3) -- 
27 April 2010 15.5 (0.2) 23.0 (1.6) 5.3 (-0.6) 11.0 (-0.7) 13.3 (-0.2) 
1 May 2010 9.5 (1.4) 8.2 (-0.1) 7.5 (-0.5) 7.7 (-0.7) -- 
14 May 2010 3.3 (1.4) 1.7 (-1.2) 21.5 (-0.1) 2.7 (0.5) 2.2 (-0.4) 
4 June 2010 6.8 (-0.5) 26.8 (1.5) 15.3 (-0.6) 5.0 (-0.7) 8.0 (-0.4) 
28 June 2010 8.8 (1.5) 6.7 (-0.7) 6.8 (0.4) 7.0 (-0.4) 7.0 (-0.4) 
11 August 2010 3.5 (0.2) -- 2.3 (-0.8) 3.2 (-1.1) 3.7 (0.9) 
18 August 2010 13.8 (0.1) -- 7.0 (-0.5) 12.2 (-1.0) 15.0 (1.0) 
11 September 2010 14.8 (1.1) -- 10.8 (-0.9) 10.7 (-0.2) 8.3 (-0.9) 
25 October 2010 9.5 (0.3) -- -- 10.8 (0.9) 6.5 (-1.1) 
26 October 2010 12.5 (1.0) -- 47.0 (1.7) 5.8 (-1.0) 8.8 (-0.1) 
9 April 2011a 5.0 (0.5) -- 12.8 (-1.1) 2.8 (-0.8) 6.3 (1.2) 
9 April 2011b 6.3 (-0.5) 18.8 (1.2) 8.3 (-0.3) -- -- 
24 April 2011 9.8 (1.1) -- 7.5 ( -0.3) 6.5 (-0.9) -- 
27 April 2011 16.8 (-0.5) 41.3 (1.4) -- 12.8 (-0.8) -- 
3 May 2011 17.0 (-0.4) 37.3 (1.5) 31.5 (-1.3) 15.5 (-0.5) -- 
13 May 2011 3.3 (-0.7) -- 7.5 (1.4) 4.3 (-0.1) 3.5 (-0.6) 
23 May 2011 5.0 (1.1) -- -- -- 3.0 (-0.3) 
24 May 2011 10.0 (-0.3) 49.5 (1.8) -- 7.8 (-0.5) 7.8 (-0.5) 
26 May 2011 10.8 (-0.9) -- 10.8 (-1.0) 13.5 (0.9) 13.5 (0.9) 
18 June 2011 4.5 (-0.3) 9.8 (1.1) -- -- 2.8 (-0.8) 
12 July 2011 9.5 (-0.2) 19.8 (1.5) -- 6.8 (-0.7) 7.0 (-0.6) 
15 July 2011 10.8 (-0.6) 73.8 (1.5) -- 19.5 (-0.3) 11.8 (-0.6) 
4 September 2011 43.3 (0.7) -- -- -- 39.5 (0.5) 





Table 4.5 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 29.8 (-0.5) 90.5 (1.5) -- 28.8 (-0.5) 27.8 (-0.5) 
28 October 2011 42.8 (1.3) 39.3 (0.2) -- 37.3 (-0.4) 35.2 (-1.1) 
3 November 2011 25.0 (1.5) -- -- 9.0 (-0.4) 7.8 (-0.5) 
1 May 2012 10.0 (-0.2) 24.3 (1.4) 21.8 (-0.9) 10.3 (-0.2) 2.5 (-1.0) 
4 May 2012 20.0 (1.2) 9.8 (-0.6) 5.0 (0.0) -- 10.3 (-0.5) 
8 May 2012 21.3 (1.0) -- 3.5 (-0.7) -- 15.5 (-0.1) 
13 May 2012 24.5 (0.4) -- 4.3 (-0.4) 20.8 (-1.1) 26.3 (1.2) 
12 July 2012 21.5 (-0.4) -- 4.3 (-0.8) 20.3 (-0.7) 26.8 (1.1) 
14 July 2012 4.0 (1.0) -- -- 2.0 (-1.0) 3.0 (-0.0) 
19 July 2012 3.5 (-0.5) 20.2 (1.2) -- 1.8 (-0.7) -- 
24 July 2012 9.0 (0.8) 7.2 (0.3) -- 1.8 (-1.1) -- 
17 September 2012 23.5 (-0.1) -- -- 32.5 (1.0) 16.2 (-1.0) 
28 September 2012 12.8 (-0.2) 20.3 (1.5) -- 10.0 (-0.7) 10.8 (-0.6) 
1 October 2012 8.3 (-0.2) 15.2 (1.4) -- 5.0 (-1.0) 8.5 (-0.2) 
24 March 2013 26.0 (1.1) -- 10.0 (-1.1) 23.2 (-0.2) -- 
11 April 2013 8.5 (1.3) 3.0 (-0.7) -- 5.7 (0.3) 2.7 (-0.8) 
16 April 2013 5.8 (0.3) 9.2 (1.6) -- 3.2 (-0.8) 4.0 (-0.5) 
19 April 2013 7.5 (1.2) 3.3 (-1.1) 4.2 (-0.2) 5.8 (0.3) -- 
27 April 2013 16.3 (0.3) 5.3 (-1.3) 6.3 (0.3) 14.0 (0.0) 21.7 (1.1) 
9 June 2013 4.3 (1.1) -- 7.7 (-0.7) 3.7 (-0.8) 3.8 (-0.3) 
16 June 2013 5.5 (0.8) 1.8 (-1.2) 2.7 (0.5) 5.5 (0.8) 3.0 (-0.5) 
17 June 2013 10.5 (1.2) 7.3 (-0.5) 5.0 (-0.7) 7.2 (-0.6) -- 
26 June 2013 26.8 (0.3) 29.3 (0.8) 7.0 (-0.4) 18.8 (-1.1) -- 
1 July 2013 4.5 (0.7) 4.0 (-0.1) 3.2 (-1.1) 4.5 (0.7) 3.2 (-1.4) 






Table 4.5 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
22 July 2013 24.3 (0.3) 28.5 (0.8) 10.7 (-0.2) -- -- 
7 August 2013 3.8 (1.0) 1.8 (-1.4) 10.8 (0.9) 3.3 (0.5) 2.3 (-0.7) 
21 September 2013 7.0 (1.4) 1.8 (-0.9) 5.8 (-1.0) 3.3 (-0.2) 3.2 (-0.3) 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 









Table 4.6: Peak time (hr) for Falling Rock, Guy Cove, and Wharton Branch monitoring sites. 
Z scores are in parentheses. 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 5.8 (1.1) 0.8 (-0.7) 25.0 (1.1) 1.3 (-0.5) -- 
8 April 2010 5.5 (1.2) 2.7 (-0.4) 1.0 (-1.3) 4.2 (0.4) -- 
27 April 2010 8.0 (0.3) 12.0 (1.5) 2.3 (-0.7) 5.2 (-0.5) 7.0 (0.0) 
1 May 2010 4.5 (1.5) 3.7 (-0.3) 5.8 (-0.3) 3.5 (-0.6) -- 
14 May 2010 2.0 (1.2) 1.0 (-1.1) 13.5 (0.0) 1.8 (0.8) 1.3 (-0.3) 
4 June 2010 1.8 (-0.7) 14.7 (1.5) 9.0 (-0.6) 4.0 (-0.3) 3.5 (-0.4) 
28 June 2010 6.8 (1.5) 5.2 (-0.7) 3.3 (0.7) 5.5 (-0.3) 5.3 (-0.5) 
11 August 2010 1.5 (-0.3) -- 1.3 (-1.2) 1.3 (-0.8) 2.0 (1.1) 
18 August 2010 9.8 (-0.4) -- 3.8 (-0.5) 9.3 (-0.8) 11.3 (1.1) 
11 September 2010 8.8 (1.2) -- 5.0 (0.4) 5.0 (-0.5) 4.7 (-0.6) 
25 October 2010 6.3 (0.7) -- -- 6.0 (0.5) 4.3 (-1.1) 
26 October 2010 6.8 (1.1) -- 25.3 (1.7) 4.8 (-0.3) 4.0 (-0.8) 
9 April 2011a 2.8 (0.6) -- 2.3 (-1.1) 2.0 (-0.2) 3.0 (0.9) 
9 April 2011b 3.0 (-0.5) 9.5 (1.1) 5.3 (-0.3) -- -- 
24 April 2011 3.3 (-1.1) -- 5.3 (0.8) 5.0 (0.3) -- 
27 April 2011 8.8 (-0.7) 22.5 (1.4) -- (--) 8.0 (-0.8) -- 
3 May 2011 10.3 (-0.4) 21.3 (1.5) 2.5 (-1.0) 9.3 (-0.5) -- 
13 May 2011 1.5 (-0.7) -- 3.3 (1.4) 2.0 (-0.1) 1.5 (-0.7) 
23 May 2011 2.0 (0.6) -- -- -- 2.0 (0.6) 
24 May 2011 6.0 (-0.3) 29.8 (1.8) -- 4.5 (-0.5) 4.0 (-0.5) 
26 May 2011 5.3 (0.7) -- 2.2 (-1.0) 5.0 (0.4) 3.8 (-1.5) 
18 June 2011 2.5 (0.0) 5.3 (1.4) -- -- 1.3 (-0.7) 
12 July 2011 4.3 (0.0) 9.0 (1.4) -- 1.5 (-0.8) 1.8 (-0.7) 
15 July 2011 3.3 (-0.5) 40.8 (1.5) -- 4.5 (-0.5) 4.5 (-0.5) 
4 September 2011 22.8 (0.8) -- -- -- 18.8 (0.4) 




Table 4.6 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 16.8 (-0.4) 53.0 (1.5) -- 16.0 (-0.5) 14.5 (-0.6) 
28 October 2011 10.0 (0.0) 18.0 (1.4) -- 6.5 (-0.6) 5.7 (-0.8) 
3 November 2011 15.0 (1.5) -- -- 5.5 (-0.3) 4.3 (-0.5) 
1 May 2012 1.5 (-0.5) 11.8 (1.5) 12.7 (-1.0) 2.3 (-0.4) 1.5 (-0.5) 
4 May 2012 9.8 (1.0) 1.8 (-1.0) 2.8 (-0.1) -- 5.3 (-0.1) 
8 May 2012 11.8 (1.0) -- 1.8 (-0.7) -- 7.3 (0.1) 
13 May 2012 11.5 (-0.1) -- 2.2 (-0.6) 9.7 (-1.1) 14.3 (1.3) 
12 July 2012 15.5 (0.6) -- 3.2 (-0.7) 9.7 (-1.2) 15.7 (0.6) 
14 July 2012 2.8 (1.0) -- -- 1.3 (-1.0) 2.0 (0.0) 
19 July 2012 2.5 (-0.5) 12.7 (1.1) -- 1.2 (-0.7) -- 
24 July 2012 8.5 (1.0) 4.5 (-0.1) -- 1.3 (-1.0) -- 
17 September 2012 7.8 (-1.1) -- -- 17.2 (0.8) 14.3 (0.3) 
28 September 2012 4.5 (-0.1) 10.8 (1.4) -- 1.8 (-0.8) 2.5 (-0.6) 
1 October 2012 5.8 (-0.3) 15.0 (1.5) -- 3.2 (-0.8) 5.2 (-0.4) 
24 March 2013 15.5 (1.0) -- 7.5 (-1.1) 14.0 (0.0) -- 
11 April 2013 6.0 (1.3) 1.5 (-0.6) -- 3.3 (0.2) 1.0 (-0.9) 
16 April 2013 3.8 (0.5) 5.3 (1.5) -- 1.7 (-0.8) 2.2 (-0.5) 
19 April 2013 4.0 (1.0) 1.5 (-1.1) 1.3 (-0.5) 3.7 (0.7) -- 
27 April 2013 8.8 (0.2) 2.5 (-1.3) 4.2 (0.4) 7.8 (0.0) 12.3 (1.1) 
9 June 2013 2.5 (-0.8) -- 3.5 (-0.6) 3.2 (1.1) 2.7 (-0.3) 
16 June 2013 3.0 (0.6) 1.2 (-1.0) 1.8 (0.8) 3.7 (1.1) 1.5 (-0.7) 
17 June 2013 6.5 (1.2) 3.8 (-0.6) 4.0 (-0.3) 3.8 (-0.6) -- 
26 June 2013 14.3 (0.3) 16.2 (0.8) 5.5 (-0.3) 9.8 (-1.1) -- 
1 July 2013 1.8 (-0.1) 2.0 (0.3) 1.3 (-0.8) 2.5 (1.1) 1.0 (-1.3) 




Table 4.6 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
22 July 2013 17.8 (0.4) 19.3 (0.7) 5.0 (-0.5) -- -- 
7 August 2013 1.8 (-0.6) 1.5 (-1.0) 6.0 (0.5) 2.3 (0.3) 2.0 (-0.2) 
21 September 2013 2.8 (0.6) 1.0 (-1.5) 4.8 (-0.3) 2.7 (0.5) 2.5 (0.3) 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 




Table 4.7: Lag time (hr) for Falling Rock, Guy Cove, and Wharton Branch monitoring sites. 
Z scores are in parentheses. 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 5.8 (1.1) 0.5 (-0.7) 31.3 (-1.0) 1.2 (-0.5) -- 
8 April 2010 5.3 (1.4) 2.2 (-0.9) 1.0 (-1.0) 3.1 (-0.2) -- 
27 April 2010 7.8 (0.3) 11.4 (1.6) 2.3 (-0.5) 5.0 (-0.7) 5.9 (-0.4) 
1 May 2010 4.8 (1.3) 4.1 (0.3) 5.1 (-0.5) 3.4 (-0.9) -- 
14 May 2010 2.0 (1.6) 1.1 (-1.2) 12.1 (-0.1) 1.4 (-0.3) 1.4 (-0.2) 
4 June 2010 1.8 (-0.8) 15.2 (1.5) 8.6 (-0.5) 4.2 (-0.3) 4.2 (-0.4) 
28 June 2010 5.5 (1.5) 4.9 (-0.7) 3.2 (0.2) 4.9 (-0.6) 5.0 (-0.2) 
11 August 2010 1.5 (1.1) -- 1.5 (0.5) 1.1 (-0.4) 1.1 (-0.7) 
18 August 2010 9.8 (1.1) -- 4.0 (-0.5) 9.1 (-0.5) 9.1 (-0.7) 
11 September 2010 8.3 (1.0) -- 5.0 (0.8) 6.3 (0.0) 4.5 (-1.0) 
25 October 2010 5.3 (0.3) -- -- 5.9 (0.8) 3.7 (-1.1) 
26 October 2010 6.5 (1.1) -- 25.8 (1.7) 3.6 (-0.7) 3.9 (-0.5) 
9 April 2011a 2.0 (0.7) -- 2.3 (-1.2) 1.1 (-0.8) 2.2 (1.0) 
9 April 2011b 1.3 (-0.7) 9.1 (1.1) 8.0 (0.3) -- -- 
24 April 2011 4.8 (-0.9) -- 5.1 (1.1) 4.9 (-0.2) -- 
27 April 2011 8.0 (-0.7) 22.6 (1.4) -- 7.6 (-0.7) -- 
3 May 2011 9.5 (-0.4) 23.4 (1.5) 3.5 (-0.8) 8.6 (-0.5) -- 
13 May 2011 0.8 (-0.7) -- 3.2 (1.5) 1.4 (-0.2) 0.9 (-0.6) 
23 May 2011 1.3 (-1.1) -- -- -- 1.5 (0.7) 
24 May 2011 5.0 (-0.4) 28.5 (1.8) -- 3.8 (-0.5) 4.5 (-0.4) 
26 May 2011 4.5 (0.1) -- 13.8 (-0.1) 4.8 (0.6) 3.5 (-1.4) 
18 June 2011 1.3 (-0.3) 4.7 (1.5) -- 0.8 (0.0) 0.5 (-0.7) 
12 July 2011 1.0 (-0.5) 9.2 (1.5) -- 1.2 (-0.5) 1.2 (-0.5) 
15 July 2011 4.3 (-0.5) 42.6 (1.5) -- 3.8 (-0.5) 4.0 (-0.5) 
4 September 2011 17.0 (0.6) -- -- -- 17.3 (0.6) 




Table 4.7 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 15.3 (-0.5) 53.4 (1.5) -- 15.0 (-0.5) 15.6 (-0.5) 
28 October 2011 9.3 (-0.1) 18.9 (1.4) -- 6.4 (-0.5) 4.2 (-0.8) 
3 November 2011 14.0 (1.5) -- -- 3.9 (-0.6) 4.0 (-0.6) 
1 May 2012 10.0 (-0.4) 16.3 (1.5) 12.4 (-0.6) 9.5 (-0.5) 9.3 (-0.6) 
4 May 2012 8.8 (1.0) 5.3 (0.1) 2.9 (0.4) -- 1.0 (-1.0) 
8 May 2012 15.0 (1.1) -- 2.3 (-0.4) -- 13.1 (-0.9) 
13 May 2012 16.5 (1.3) -- 13.8 (-0.9) 14.0 (-0.7) 15.3 (0.3) 
12 July 2012 17.8 (0.8) -- 13.4 (-0.6) 16.9 (-1.1) 17.6 (0.4) 
14 July 2012 2.0 (0.9) -- -- 1.1 (-1.1) 1.6 (0.1) 
19 July 2012 2.0 (-0.5) 11.9 (1.2) -- 1.3 (-0.6) -- 
24 July 2012 0.5 (-0.5) 3.7 (1.2) -- 0.3 (-0.6) -- 
17 September 2012 16.8 (0.9) -- -- 16.1 (-1.1) 16.6 (0.2) 
28 September 2012 7.8 (0.7) 9.7 (1.0) -- 0.1 (-0.9) 0.1 (-0.9) 
1 October 2012 4.3 (-0.5) 15.0 (1.5) -- 3.4 (-0.7) 5.4 (-0.3) 
24 March 2013 14.2 (1.2) -- 17.1 (-0.4) 12.5 (-0.5) -- 
11 April 2013 3.2 (0.9) 1.7 (-1.1) -- 3.2 (0.8) 2.1 (-0.6) 
16 April 2013 2.7 (-0.1) 5.4 (1.7) -- 1.7 (-0.8) 2.4 (-0.3) 
19 April 2013 5.0 (1.5) 2.0 (-0.7) 1.2 (-0.5) 2.3 (-0.4) -- 
27 April 2013 8.0 (0.4) 1.2 (-1.3) 3.1 (-0.2) 6.1 (-0.1) 10.9 (1.1) 
9 June 2013 1.2 (1.1) -- 3.4 (-0.9) 0.4 (-0.7) 0.5 (-0.5) 
16 June 2013 1.7 (1.3) -0.1 (-0.9) 1.4 (-0.3) 0.8 (0.2) 0.1 (-0.6) 
17 June 2013 5.0 (1.1) 4.3 (-0.3) 4.2 (-0.3) 4.1 (-0.8) -- 
26 June 2013 13.5 (0.4) 14.6 (0.7) 4.9 (-0.6) 8.4 (-1.1) -- 




Table 4.7 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
6 July 2013 0.7 (0.8) 0.8 (0.9) -- 0.1 (-0.8) 0.0 (-0.9) 
22 July 2013 17.0 (-0.7) 17.9 (1.1) 6.3 (0.0) -- -- 
7 August 2013 0.7 (1.6) 0.1 (-0.8) 5.9 (0.8) 0.1 (-0.8) 0.2 (-0.3) 
21 September 2013 2.0 (1.5) 0.2 (-0.7) 3.6 (-0.7) 0.3 (-0.5) 0.5 (-0.3) 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 




Table 4.8: Response time (hr) for Falling Rock, Guy Cove, and Wharton Branch monitoring 
sites. Z scores are in parentheses. 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 0.0 (-1.2) 0.1 (0.6) 6.3 (-1.1) 0.1 (0.6) -- 
8 April 2010 0.1 (-0.5) 0.1 (-0.5) 0.0 (-1.5) 0.1 (-0.5) -- 
27 April 2010 0.1 (-0.4) 0.1 (-0.4) 0.0 (-1.2) 0.1 (-0.4) 0.1 (-0.4) 
1 May 2010 0.3 (0.2) 0.4 (1.3) 0.1 (-0.8) 0.1 (-0.5) -- 
14 May 2010 0.0 (-1.0) 0.1 (-0.3) 0.1 (0.5) 0.1 (0.0) 0.1 (-0.4) 
4 June 2010 0.0 (-1.2) 0.5 (0.5) 0.1 (-0.5) 0.2 (-0.4) 0.7 (1.1) 
28 June 2010 -- -- 0.1 (-0.4) -- -- 
11 August 2010 0.0 (-1.2) -- 0.2 (1.2) 0.1 (0.6) 0.1 (0.6) 
18 August 2010 0.0 (-1.2) -- 0.2 (0.0) 0.1 (0.6) 0.1 (0.6) 
11 September 2010 0.1 (-0.6) -- -- 1.3 (1.2) 0.1 (-0.6) 
25 October 2010 -- -- -- -- -- 
26 October 2010 -- -- 0.5 (1.7) -- -- 
9 April 2011a 0.1 (0.5) -- 0.0 (-1.2) 0.1 (0.5) 0.1 (0.5) 
9 April 2011b 0.1 (0.6) 0.1 (0.6) 2.8 (0.1) -- -- 
24 April 2011 1.5 (1.2) -- 0.1 (-0.6) 0.1 (-0.6) -- 
27 April 2011 0.1 (0.5) 0.1 (-1.5) -- 0.1 (0.5) -- 
3 May 2011 0.1 (-0.5) 2.1 (1.5) 1.0 (1.2) 0.1 (-0.5) -- 
13 May 2011 -- -- -- -- -- 
23 May 2011 0.1 (-0.6) -- -- -- 0.1 (-0.6) 
24 May 2011 0.1 (-0.6) 0.1 (-0.6) -- 0.1 (-0.6) 0.5 (1.7) 
26 May 2011 -- -- 11.7 (1.1) -- -- 
18 June 2011 -- -- -- -- -- 
12 July 2011 0.1 (-0.5) 0.2 (1.5) -- 0.1 (-0.5) 0.1 (-0.5) 
15 July 2011 1.0 (0.3) 1.8 (1.3) -- 0.1 (-0.8) 0.1 (-0.8) 




Table 4.8 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
21 September 2011 0.1 (-0.6) -- -- 6.3 (1.2) 0.1 (-0.6) 
19 October 2011 0.1 (-0.7) 0.4 (0.0) -- 0.1 (-0.7) 1.1 (1.4) 
28 October 2011 0.1 (-0.5) 0.9 (1.5) -- 0.1 (-0.5) 0.1 (-0.5) 
3 November 2011 0.1 (-0.5) -- -- 0.1 (-0.5) 0.1 (-0.5) 
1 May 2012 8.5 (0.9) 4.5 (-1.4) -- 7.3 (0.1) 7.8 (0.4) 
4 May 2012 0.1 (-0.6) 3.5 (1.2) 0.1 (-0.5) -- 0.1 (-0.6) 
8 May 2012 3.3 (-0.8) -- 0.4 (1.6) -- 5.7 (-0.3) 
13 May 2012 5.0 (1.0) -- 0.2 (-0.5) 4.3 (0.6) 1.0 (-1.2) 
12 July 2012 2.3 (-0.5) -- 10.2 (0.9) 7.2 (1.2) 1.9 (-0.6) 
14 July 2012 -- -- -- -- -- 
19 July 2012 -- -- -- -- -- 
24 July 2012 -- -- -- -- -- 
17 September 2012 9.0 (1.1) -- -- 0.1 (-0.8) 2.2 (-0.3) 
28 September 2012 3.3 (1.5) 0.1 (-0.5) -- 0.1 (-0.5) 0.1 (-0.5) 
1 October 2012 0.1 (-0.8) 0.1 (-0.8) -- 0.3 (1.1) 0.2 (0.6) 
24 March 2013 -- -- 9.6 (1.2) -- -- 
11 April 2013 0.1 (-0.6) 0.2 (-0.3) -- 0.1 (-0.6) 1.1 (1.5) 
16 April 2013 0.1 (-0.4) 0.1 (-0.7) -- 0.1 (-0.8) 0.3 (0.4) 
19 April 2013 1.0 (1.4) 0.5 (0.1) 0.1 (0.6) 0.1 (-0.8) -- 
27 April 2013 -- -- 0.1 (-0.5) -- -- 
9 June 2013 -- -- 0.1 (-0.5) -- -- 
16 June 2013 -- -- 0.1 (0.0) -- -- 
17 June 2013 0.1 (-0.9) 0.4 (1.1) 0.2 (-0.4) 0.2 (-0.2) -- 
26 June 2013 -- -- -- -- -- 




Table 4.8 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
6 July 2013 -- -- -- -- -- 
22 July 2013 0.1 (-0.6) 0.1 (-0.6) 1.3 (1.2) -- -- 
7 August 2013 -- -- -- -- -- 
21 September 2013 -- -- -- -- -- 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 




Table 4.9: Curve numbers (λ=0.2) for Falling Rock, Guy Cove, and Wharton Branch 
monitoring sites. Z scores are in parentheses. 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 81.1 (-0.3) 79.7 (-0.8) 63.6 (-1.1) 84.3 (1.1) -- 
8 April 2010 72.8 (-0.6) 72.1 (-1.0) 80.8 (0.1) 75.7 (1.1) -- 
27 April 2010 82.4 (-0.4) 86.5 (0.7) 86.8 (0.6) 86.5 (0.7) 86.5 (0.7) 
1 May 2010 71.7 (-0.5) 71.3 (-0.6) 80.7 (-1.0) 77.8 (1.5) -- 
14 May 2010 81.2 (-1.1) 81.5 (-1.0) 67.6 (-0.3) 87.6 (0.9) 86.9 (0.7) 
4 June 2010 70.9 (-1.1) 73.2 (-0.2) 76.7 (0.3) 73.4 (-0.1) 77.0 (1.3) 
28 June 2010 65.1 (-0.9) 66.1 (-0.7) 75.7 (-0.1) 73.7 (0.5) 77.6 (1.2) 
11 August 2010 61.3 (-1.1) -- 79.5 (0.0) 68.8 (0.7) 67.4 (0.4) 
18 August 2010 62.1 (-1.1) -- 83.3 (-0.9) 71.7 (0.8) 69.0 (0.3) 
11 September 2010 75.3 (-0.8) -- 84.4 (-0.3) 76.1 (-0.3) 78.5 (1.1) 
25 October 2010 74.5 (-0.8) -- -- 75.6 (-0.3) 78.5 (1.1) 
26 October 2010 83.3 (-1.1) -- 79.1 (0.6) 85.9 (0.2) 87.5 (0.9) 
9 April 2011a 75.8 (-1.3) -- 77.7 (-0.8) 80.4 (0.0) 84.3 (1.1) 
9 April 2011b 81.5 (-1.2) 86.7 (0.6) 77.6 (0.0) -- -- 
24 April 2011 81.4 (-0.4) -- 60.1 (-0.8) 84.0 (1.1) -- 
27 April 2011 64.8 (-1.2) 70.0 (0.5) -- 72.0 (1.1) -- 
3 May 2011 72.4 (-1.5) 76.5 (0.3) 78.8 (-1.3) 77.9 (0.8) -- 
13 May 2011 75.9 (0.1) -- 76.2 (-0.3) 75.4 (-1.1) 76.4 (1.3) 
23 May 2011 77.9 (-1.0) -- -- -- 81.3 (1.0) 
24 May 2011 83.5 (-0.8) 84.5 (0.0) -- 84.6 (0.1) 86.4 (1.6) 
26 May 2011 82.6 (-1.2) -- 79.5 (-0.9) 86.3 (0.6) 87.1 (1.0) 
18 June 2011 80.4 (-0.9) 80.9 (-0.2) -- -- 81.9 (1.1) 
12 July 2011 74.3 (-1.0) 75.7 (-0.5) -- 80.8 (1.3) 77.7 (0.2) 
15 July 2011 80.1 (-1.4) 84.0 (1.0) -- 82.9 (0.3) 82.6 (0.1) 
4 September 2011 79.4 (-0.4) -- -- -- 85.8 (1.1) 




Table 4.9 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 61.5 (-1.4) 72.0 (1.0) -- 67.8 (0.0) 69.2 (0.3) 
28 October 2011 81.1 (-1.2) 86.7 (0.9) -- 86.5 (0.8) 83.0 (-0.5) 
3 November 2011 77.5 (-0.4) -- -- 79.8 (0.9) 79.4 (0.7) 
1 May 2012 75.5 (-0.5) 76.8 (0.0) 73.5 (-1.0) 80.5 (1.4) 74.5 (-0.9) 
4 May 2012 74.5 (0.9) 73.8 (0.2) 81.6 (-1.3) -- 72.6 (-1.1) 
8 May 2012 81.5 (1.1) -- 68.3 (-1.2) -- 80.3 (-0.2) 
13 May 2012 71.1 (-0.3) -- 77.9 (-1.2) 79.5 (1.4) 72.7 (0.0) 
12 July 2012 72.1 (-1.0) -- 73.5 (-1.4) 76.9 (0.9) 74.9 (0.1) 
14 July 2012 70.9 (-1.1) -- -- 78.3 (0.3) 81.5 (0.8) 
19 July 2012 72.1 (-0.7) 73.1 (-0.4) -- 78.3 (1.1) -- 
24 July 2012 58.4 (-0.3) 56.1 (-0.8) -- 64.6 (1.1) -- 
17 September 2012 55.8 (-1.2) -- -- 63.8 (0.6) 63.5 (0.5) 
28 September 2012 82.4 (-0.2) 84.0 (1.4) -- 82.2 (-0.4) 81.7 (-0.9) 
1 October 2012 79.0 (-1.1) 81.5 (1.0) -- 81.3 (0.7) 79.5 (-0.6) 
24 March 2013 76.7 (-0.1) -- 54.3 (-1.0) 80.4 (1.0) -- 
11 April 2013 82.5 (-0.8) 82.9 (-0.3) -- 84.2 (1.5) 82.8 (-0.4) 
16 April 2013 69.9 (-0.9) 78.8 (1.0) -- 77.5 (0.7) 76.6 (0.5) 
19 April 2013 81.3 (0.2) 80.5 (-0.1) 84.3 (1.1) 83.6 (1.2) -- 
27 April 2013 75.0 (-0.3) 71.7 (-1.3) 75.7 (1.1) 79.2 (0.9) 78.3 (0.7) 
9 June 2013 82.8 (-1.1) -- 77.8 (1.5) 86.2 (0.7) 85.5 (0.4) 
16 June 2013 78.9 (-0.9) 79.0 (-0.8) 87.6 (0.9) 82.1 (1.1) 81.3 (0.6) 
17 June 2013 72.5 (-0.7) 74.2 (-0.4) 73.4 (-0.1) 81.2 (1.1) -- 
26 June 2013 77.1 (-0.8) 78.3 (-0.3) 73.7 (0.5) 82.0 (1.1) -- 
1 July 2013 75.1 (-0.9) 76.3 (0.0) 68.8 (0.7) 78.1 (1.4) 75.7 (-0.5) 




Table 4.9 (cont’d). 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
22 July 2013 61.7 (0.0) 69.5 (1.0) 76.1 (-0.3) -- -- 
7 August 2013 80.9 (-0.6) 81.9 (-0.1) 75.6 (-0.3) 84.7 (1.7) 81.6 (-0.2) 
21 September 2013 82.6 (-1.2) 83.3 (-0.5) 85.9 (0.2) 84.6 (0.9) 84.5 (0.7) 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 




Table 4.10: Curve numbers (λ=0.05) for Falling Rock, Guy Cove, and Wharton Branch 
monitoring sites. Z scores are in parentheses. 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
12 March 2010 55.7 (-0.3) 51.3 (-0.8) 33.1 (-1.1) 65.8 (1.1) -- 
8 April 2010 43.6 (-0.6) 42.0 (-1.0) 59.9 (0.1) 50.9 (1.1) -- 
27 April 2010 60.6 (-0.4) 73.1 (0.7) 75.3 (0.6) 73.0 (0.7) 73.2 (0.7) 
1 May 2010 43.5 (-0.5) 42.8 (-0.6) 54.9 (-1.0) 58.4 (1.5) -- 
14 May 2010 53.2 (-1.1) 54.4 (-1.0) 45.6 (-0.3) 74.2 (0.9) 72.2 (0.7) 
4 June 2010 39.2 (-1.1) 44.7 (-0.2) 54.6 (0.3) 45.3 (-0.1) 54.4 (1.4) 
28 June 2010 33.4 (-0.9) 35.4 (-0.8) 45.2 (-0.1) 52.0 (0.5) 61.0 (1.2) 
11 August 2010 30.1 (-1.1) -- 55.1 (0.0) 44.7 (0.8) 41.8 (0.4) 
18 August 2010 31.3 (-1.1) -- 61.6 (-0.9) 50.8 (0.8) 45.0 (0.3) 
11 September 2010 44.2 (-0.8) -- 63.0 (-0.3) 46.4 (-0.3) 52.9 (1.1) 
25 October 2010 42.9 (-0.8) -- -- 45.8 (-0.3) 53.5 (1.1) 
26 October 2010 56.5 (-1.1) -- 57.1 (0.6) 66.0 (0.2) 71.4 (0.9) 
9 April 2011a 45.8 (-1.3) -- 49.3 (-0.8) 58.6 (0.0) 69.6 (1.1) 
9 April 2011b 60.1 (-1.2) 74.9 (0.6) 48.6 (0.0) -- -- 
24 April 2011 57.0 (-0.4) -- 54.9 (-0.8) 65.4 (1.1) -- 
27 April 2011 40.0 (-1.2) 50.4 (0.5) -- 54.3 (1.1) -- 
3 May 2011 44.0 (-1.5) 54.3 (0.3) 49.6 (-1.3) 57.6 (0.8) -- 
13 May 2011 45.7 (0.1) -- 45.2 (-0.3) 44.3 (-1.1) 47.0 (1.3) 
23 May 2011 50.5 (-1.0) -- -- -- 60.3 (1.0) 
24 May 2011 62.1 (-0.8) 65.4 (0.0) -- 65.7 (0.1) 71.5 (1.6) 
26 May 2011 56.8 (-1.2) -- 53.8 (-0.9) 69.3 (0.6) 71.9 (1.0) 
18 June 2011 51.9 (-0.9) 53.4 (-0.2) -- -- 56.6 (1.1) 
12 July 2011 44.2 (-1.0) 48.0 (-0.5) -- 61.6 (1.3) 53.4 (0.2) 
15 July 2011 53.0 (-1.4) 65.2 (1.0) -- 61.9 (0.3) 60.8 (0.1) 
4 September 2011 54.2 (-0.4) -- -- -- 72.8 (1.1) 





Table 4.10 (cont’d) 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
19 October 2011 31.6 (-1.4) 52.5 (1.0) -- 43.8 (0.0) 46.6 (0.3) 
28 October 2011 56.6 (-1.2) 73.8 (0.9) -- 73.1 (0.8) 62.4 (-0.5) 
3 November 2011 49.9 (-0.4) -- -- 56.3 (0.9) 55.2 (0.7) 
1 May 2012 46.3 (-0.5) 49.8 (0.0) 42.9 (-1.0) 60.2 (1.4) 43.9 (-0.9) 
4 May 2012 45.6 (0.9) 43.9 (0.2) 53.2 (-1.3) -- 40.9 (-1.1) 
8 May 2012 59.7 (1.1) -- 35.7 (-1.2) -- 55.9 (-0.2) 
13 May 2012 42.4 (-0.3) -- 34.8 (-1.0) 62.8 (1.4) 46.1 (0.0) 
12 July 2012 40.8 (-1.0) -- 41.6 (-1.4) 53.1 (1.0) 47.8 (0.1) 
14 July 2012 39.6 (-1.0) -- -- 57.9 (0.3) 66.0 (0.9) 
19 July 2012 43.0 (-0.7) 45.5 (-0.4) -- 58.4 (1.1) -- 
24 July 2012 29.6 (-0.3) 25.9 (-0.8) -- 40.7 (1.1) -- 
17 September 2012 26.5 (-1.2) -- -- 40.4 (0.6) 39.8 (0.5) 
28 September 2012 57.2 (-0.2) 62.7 (1.4) -- 56.6 (-0.4) 55.0 (-0.9) 
1 October 2012 50.3 (-1.1) 58.0 (1.0) -- 57.1 (0.7) 51.8 (-0.6) 
24 March 2013 51.1 (-0.1) -- 24.1 (-1.0) 61.2 (1.0) -- 
11 April 2013 56.0 (-0.8) 57.4 (-0.3) -- 61.8 (1.5) 57.1 (-0.4) 
16 April 2013 39.2 (-0.9) 60.7 (1.0) -- 57.4 (0.7) 55.4 (0.5) 
19 April 2013 57.6 (0.2) 55.2 (-0.1) 65.8 (1.1) 64.7 (1.2) -- 
27 April 2013 48.4 (-0.3) 40.2 (-1.3) 50.9 (1.1) 59.2 (0.9) 56.9 (0.7) 
9 June 2013 56.4 (-1.1) -- 58.4 (1.5) 68.2 (0.7) 66.0 (0.4) 
16 June 2013 49.9 (-0.9) 50.2 (-0.8) 74.2 (0.9) 59.8 (1.1) 57.2 (0.6) 
17 June 2013 41.7 (-0.7) 45.8 (-0.4) 45.3 (-0.1) 64.2 (1.1) -- 
26 June 2013 50.0 (-0.8) 53.5 (-0.3) 52.0 (0.5) 63.7 (1.1) -- 
1 July 2013 44.7 (-0.9) 47.9 (0.0) 44.7 (0.8) 52.7 (1.4) 46.3 (-0.5) 






Table 4.10 (cont’d) 
Date 
Site1 
FR GC 01 GC 02 GC 03 WB 
22 July 2013 36.3 (-0.1) 51.1 (1.0) 46.4 (-0.3) -- -- 
7 August 2013 53.0 (-0.6) 56.0 (-0.1) 45.8 (-0.3) 65.2 (1.7) 55.0 (-0.3) 
21 September 2013 55.5 (-1.2) 57.8 (-0.5) 66.0 (0.2) 62.4 (0.9) 61.8 (0.7) 
2FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 





Table 4.11: Means and standard deviations of storm hydrograph parameters for Falling Rock, Guy Cove, and Wharton Branch1. Z scores 
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1FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), GC03=Guy Gove 03 (perennial), and WB=Wharton Branch 
(perennial). 
2Normalized by drainage area: FR=924,000 m2, GC01=91,864 m2, GC03=383,642 m2, GC03=435,546 m2, and WB=441,107 m2. 
3CN=curve number. 




Similar to FR, GC03 and WB both had larger discharge volumes, higher peak 
discharges and longer discharge durations; however, peak and lag times at GC03 and WB 
were shorter than those at FR. CNs (λ=0.2 and 0.05) were significantly larger at GC03 and 
WB as compared to FR. GC03 and WB each had mean CNs of 79.1 (λ=0.2) while FR had a 
mean CN of 75.1 (λ=0.2). As seen in Figures 4.9 and 4.10 and Appendix E, GC03 and WB 
responded to rainfall more quickly than FR, and the GC and WB hydrographs more closely 
followed rainfall pulses indicating a more rapid rainfall-runoff response was occurring in 
these watersheds. Phillips (2004) found that valley fills could increase the rate at which 
runoff reached channels though significant amount of variability with respect to surface 
detention existed amongst valley fills examined in the study. The rapid rate at which GC03 
and WB respond to rainfall may indicate that water discharged during the storm event may 
be more “old” relative to “new”. Pearce et al. (1986) and Sklash et al. (1986) found that 
rainfall from the current storm event or “new” water accounted for <25% of the stormflow 
from highly responsive watersheds (e.g. steep slopes, permeable soils, incised channels, and 
narrow valley) in New Zealand. During high frequency storm events, stormflow was 
dominated by “old” water from prior storm events that as displaced from storage in the soil 
matrix. Such a hydrologic response may be occurring at GC03 and WB due to the 





Figure 4.9: Representative hydrographs of Falling Rock (FR),Wharton Branch (WB), Guy Cove (GC01, GC02 and GC03) monitoring sites 
for 19 October 2011 storm event; precipitation depth=36.8 mm; duration=15.5 hr. 
Date






































































Figure 4.10: Representative hydrographs of Falling Rock (FR),Wharton Branch (WB), Guy Cove (GC01, GC02 and GC03) monitoring 
sites for 16 April 2013 storm event; precipitation depth=11.7 mm; duration=3.8 hr. 
Date




































































The close similarity between GC03 and WB with respect to storm hydrograph 
parameters indicates that the created stream system and small streamside young hardwood 
forest appear to have exerted little influence on storm hydrology at the toe of the valley fill. 
The mean storm discharge volume the crown (GC02) was less than 15% of the mean storm 
discharge volume at GC03 demonstrating that GC03 continues to receive a substantial 
portion of its flow from the underdrain which is likely fed by groundwater sources. During 
the restoration process, the surface inlet to the underdrain, which is located immediately 
down-gradient of GC01, was covered with approximately 1-2 m of compacted spoil to 
prevent streamflow from the unmined reach entering the underdrain. A dye trace test using 
rhodamine and dye bugs indicates that streamflow originating at GC01 is not exiting the 
valley fill at any known seeps (unpublished data). 
Storm discharge volumes at GC01 and GC02 were similar though GC01 had a larger 
peak discharge, longer duration, and longer peak and lag times than GC02. GC01 receives 
discharge largely from a spring, thus accounting for the delayed hydrologic response and 
greater flow duration. The dampened hydrograph typical of GC02 is due in part to the 
stream-vernal pool complex immediately down-gradient of GC01, FRA immediately 
surrounding the stream, and lack of groundwater connection to sustain baseflow. The 
portion of the stream, which flows along this upper-reach (i.e. stream-vernal pool complex), 
is heavily vegetated with macrophytes such as narrow-leaf cattail (Typha angustifolia) and spike 
rush (Eleocharis ovata) that grow in the channel and along its banks thereby increasing in 
channel roughness and reducing velocities. Sand-Jensen and Mebus (1996) noted that 
patches of macrophytes in small Dutch streams (2-6 m wide) reduced stream velocities by 
11-fold. While the stream gradient increases to about 6% after the stream-wetland complex, 
it again decreases to about 1% again reducing velocities prior to flowing through GC02.  
Use of the FRA along the floodplain edges likely impacted hydrograph 
characteristics at GC02. Taylor et al. (2009a) found that spoil placed in accordance with FRA 
yielded low discharge volumes and peak discharges coupled with long discharge durations as 
the spoil in the test plots absorbed and slowly released rainfall. The authors noted that only 
12% of rainfall was discharged from the test plots. The effect of the FRA on the amount of 
rainfall as well as runoff from upland areas that reached the stream system was not 
quantified; however, it is hypothesized that FRA reduced the volume and timing of surface 




the side-slopes of the test plots (33% vs. 2%), the test plots each had a 100 mm diameter 
perforated PVC pipe placed along the center of the plots to allow for the measurement of 
interflow discharge; no such drainage system was installed at Guy Cove. Additionally, GC02 
lacks a direct connection to groundwater, unlike other intermittent headwater streams 
located on non-mined lands, as the intermittent stream is located up to 40 m above the 
original ground surface. This lack of connection to a groundwater source means the stream 
at GC02 lacks a defined form of subsurface stormflow (e.g. flow through bedrock fissures) 
which could impact storm hydrograph characteristics. Onda et al. (2001) noted that bedrock 
type and hence bedrock outflow significantly impacted the peak and recession limb of the 
hydrograph. 
4.3.2.2 Individual Years 
As shown in Table 4.2 and Figure 4.8, rainfall depths varied between 2010, 2011, 
2012 and 2013 though the rainfall depths of the monitored storm events did not significantly 
vary between years. For FR, significant differences between the years were noted the storm 
hydrograph parameters discharge volume, discharge duration, response time, and lag time. 
Discharge volume was significantly larger in 2011 while discharge duration and lag time were 
significantly shorter in 2011. The reason for these differences in hydrograph parameters for 
2011 is not known as no anthropogenic or natural changes occurred in the watershed. 
Response time was significantly shorter in 2010 at FR. At GC03, the only year-to-year 
difference was with the parameter peak time which showed an increase in 2013. Difference 
in storm hydrograph parameters occurred primarily with the year 2012 at WB. Discharge 
volume, peak discharge, and CN (λ=0.2 and 0.5) were lowest in 2012. As with FR, the 
reason for the differences at WB for 2012 is not known. No significant differences were 
found at GC01 or GC02 suggesting that increased vegetative growth over the period has not 
impacted storm hydrograph characteristics. 
4.3.3 Baseflow Characteristics 
Table 4.12 contains normalized baseflow values and Z-scores for each month. 
Monthly baseflow volumes were significantly larger at GC01 and WB followed by GC03 and 




Table 4.12: Means and standard deviations of monthly baseflow volumes at each monitoring 
site. Z scores are in parentheses. 
Month 
Monitoring Site1 
FR GC01 GC02 GC03 WB 
--------------------20102-------------------- 
March 2.0 (0.4) 2.6 (1.1) 0.5 (-1.3) 1.4 (-0.2) - 
April 2.4 (1.1) 2.3 (0.9) 0.4 (-1.3) 1.3 (-0.2) 1.1 (-0.5) 
May 3.0 (0.0) 2.7 (-0.1) 0.9 (-1.1) 2.3 (-0.4) 5.7 (1.6) 
June 0.2 (-0.8) 1.8 (0.3) 0.0 (0.9) 1.0 (-0.2) 3.9 (1.6) 
July 0.1 (-0.5) 1.2 (1.2) 0.0 (-0.6) -- -- 
August 0.2 (-0.4) 0.5 (-0.4) 0.0 (-0.4) 0.6 (-0.4) 3.0 (1.8) 
September 0.1 (-0.9) 0.0 (-1.0) 0.0 (-1.0) 0.6 (-0.2) 3.0 (3.1) 
October 0.0 (-0.5) 0.0 (-0.6) 0.0 (-0.6) 0.6 (-0.1) 3.1 (1.8) 
November 0.0 (-0.5) 0.0 (-0.5) 0.0 (-0.5) 0.1 (-0.4) 1.7 (1.8) 
--------------------20112-------------------- 
March 1.0 (0.6) 1.3 (1.4) 0.2 (-1.2) 0.4 (-0.6) 0.6 (-0.1) 
April 8.7 (1.5) 3.6 (-0.3) 1.1 (-1.2) 3.5 (-0.4) 5.7 (0.4) 
May 2.9 (1.0) 1.4 (-0.4) 0.5 (-1.2) 1.3 (-0.5) 2.9 (1.0) 
June 0.2 (-1.3) 1.6 (1.0) -- 0.9 (-0.2) 1.3 (0.5) 
July 0.2 (-1.0) 1.8 (1.4) -- 0.6 (-0.3) 0.8 (0.0) 
August 0.2 (-1.0) 1.5 (1.3) -- 0.5 (-0.4) 0.8 (0.2) 
September 0.3 (-1.2) 1.0 (0.9) -- 0.5 (-0.5) 0.9 (0.7) 
October 0.3 (-0.9) 1.7 (1.3) -- 0.5 (-0.6) 1.1 (0.3) 
November 0.5 (-0.7) 1.5 (1.3) -- 0.4 (-0.9) 1.0 (0.3) 
--------------------20122-------------------- 
March 0.5 (-0.1) 0.6 (0.0) 0.9 (1.6) 0.5 (-0.2) 0.2 (-1.2) 
April 0.8 (-0.7) 1.9 (1.6) 1.3 (0.3) 1.0 (-0.2) 0.7 (-1.0) 
May 1.8 (0.5) 2.8 (1.5) 0.4 (-0.9) 0.7 (-0.5) 0.6 (-0.6) 
June 0.1 (-1.0) 0.4 (0.2) 0.0 (-1.1) 0.7 (1.0) 0.6 (0.8) 
July 0.8 (-0.2) 1.2 (0.5) 0.0 (-1.5) 0.9 (0.0) 1.5 (1.2) 




Table 4.12 (cont’d). 
Month 
Monitoring Site1 
FR GC01 GC02 GC03 WB 
September 0.6 (-0.7) 6.8 (1.6) 0.0 (-0.9) 1.9 (-0.1) 2.5 (0.1) 
October 0.6 (-0.4) 2.7 (1.7) 0.0 (-0.9) 0.6 (-0.4) 1.0 (0.0) 
November 0.3 (-0.5) 4.0 (1.8) 0.0 (-0.7) 0.5 (-0.4) 0.7 (-0.2) 
--------------------20132-------------------- 
March 3.2 (1.4) 2.0 (0.2) 0.4 (-1.4) 1.6 (-0.2) 1.9 (0.1) 
April 3.6 (1.2) 2.5 (0.3) 0.5 (-1.6) 2.2 (-0.1) 2.4 (0.2) 
May 1.7 (0.0) 2.6 (1.1) 0.4 (-1.6) 1.9 (0.3) 1.9 (0.2) 
June 0.4 (-0.7) 5.4 (1.6) 0.0 (-0.9) 1.4 (-0.3) 2.4 (0.0) 
July 1.3 (-0.4) 1.9 (0.2) 0.3 (-1.4) 2.0 (0.3) 2.9 (1.3) 
August 0.4 (-0.9) 1.7 (0.3) 0.2 (-1.1) 2.0 (0.5) 2.8 (1.3) 
September 0.1 (-0.8) 0.5 (-0.4) 0.0 (-0.9) 1.4 (0.7) 2.1 (1.4) 
October 0.0 (-1.0) 1.3 (0.4) 0.0 (-1.0) 1.2 (0.3) 2.3 (1.4) 
1FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 
GC03=Guy Gove 03 (perennial), and WB=Wharton Branch (perennial). 
2Monitoring period= March 1, 2010 to November 19, 2010. 
3Monitoring period= March 16, 2011 to November 21, 2011. 
4Monitoring period= March 19, 2012 to November 30, 2012. 
5Monitoring period= March 12, 2013 to October 31, 2013; FR monitoring period= March 12, 2013 to October 
11, 2013. 
610.2 mm for FR. 





Table 4.13: Means and standard deviations of normalized monthly baseflow volumes at each 
monitoring site. Z scores are in parentheses. 
 Monitoring Site1 














1FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 
GC03=Guy Gove 03 (perennial), and WB=Wharton Branch (perennial). 
2Normalized by drainage area: FR=924,000 m2, GC01=91,864 m2, GC02=383,642 m2, GC03=435,546 m2, and 
WB=441,107 m2. 






significant amount of baseflow, the non-normalized average daily value was low (55 m3 d-1) 
as is expected for such a small stream system. Baseflow at the perennial sites WB, GC03 and 
FR are significantly larger as expected. The lack of groundwater connection is evident in the 
significantly lower normalized baseflow volumes at GC02. Flows at GC01 are not substantial 
enough, particularly during low baseflow periods such as during the summer and fall 
months, to sustain base flow conditions at GC02. As vegetation along the intermittent 
stream reach continue to grow, it is anticipated that base flows at GC02 will continue to 
decrease during the growing season (Sena et al., 2014). 
Significant differences were also noted between monitoring sites with respect to the 
number of days per month when surface water (i.e. flow) was present (Table 4.14). Surface 
water was present throughout the four-year monitoring period at the perennial sites of FR, 
GC03 and WB (Table 4.15). Because of the spring, surface water was present at GC01 
almost the entire monitoring period with the exception of the late summer and fall months 
of 2010 when flow ceased. Low levels of rainfall during the spring and early summer months 
of 2010, as seen in Figure 4.8, appears to have led to a lowering of the local water table 
feeding the spring. Lower flows at GC01during the summer and fall months coupled with 
the lack of groundwater connection at GC02 resulted in the absence of surface water for a 
significant number of days each year. This reduction in the presence of surface water would 
typically begin in June and would extend until November when rainfall would increase. 
4.3.4 Seasonal Effects 
 No seasonal effects were noted with respect baseflow volumes measured at FR, 
GC01 and GC0; however, seasonal effects were found at GC03 and WB. At GC03, baseflow 
volumes were significantly greater for 2013 as compared to 2011 but all other growing 
seasons showed no differences. At WB, significantly greater volumes of baseflow occurred 
during the 2010 growing season as compared to all other monitored years. The reason for 
this difference is unknown. Seasonal effects were also absent from storm hydrograph 
parameters. Weatherford (2014) found no significant changes in the storm hydrograph 
parameters discharge volume, discharge duration, and CN on FRA test plots after nine 






Table 4.14: Means and standard deviations of number of days per month surface waters 
were present at each monitoring site.  
 Monitoring Site1 
FR GC01 GC02 GC03 WB 
Days per 
Month 28.7±4.9 a2 24.5±9.8 a 12.9±11.8 b 28.7±4.9 a 28.2±6.2 a 
1FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 
GC03=Guy Gove 03 (perennial), and WB=Wharton Branch (perennial). 














FR GC01 GC02 GC03 WB 
--------------------20102-------------------- 
March 52.0 31 31 31 31 31 31 
April 74.9 30 30 30 30 30 30 
May 111.3 31 31 31 28 31 31 
June 101.9 30 30 30 0 30 30 
July 79.5 31 31 24 0 31 31 
August 89.9 31 31 13 0 31 31 
September 57.7 30 30 0 0 30 30 
October 38.9 31 31 0 0 31 31 
November 21.8 19 5 0 0 19 5 
Total  264 250 159 89 264 250 
--------------------20113-------------------- 
March 29.4 15 15 15 15 15 15 
April 229.1 30 30  30  30  30  30 
May 132.1 31 31 31 31  31 31 
June 73.4 30 30  30 7 30 30  
July 78.0 31 31 31 23 31 31 
August 9.1 31 31  30 3 31 31 
September 58.7 30 30  20  10 30 30 
October 103.4 31 31 31 14 31 31 
November 49.0 21 21 20 16 21 21 
Total  250 250 238 149 250 250 
--------------------20124-------------------- 
March 15.7 12 12 12 12 12 12 
April 113.5 30 30 30 16 30 30 
May 87.9 31 31 31 27 31 31 




Table 4.15 (cont’d). 
July 207.3 31 31 31 8 31 31 
August 20.3 31 31 31 28 31 31 
September 69.6 30 30 30 3 30 30 
October 105.2 31 31 31 0 31 31 
November 14.7 30 30 30 3 30 30 
Total  256 256 256 97 256 256 
--------------------20135-------------------- 
March 70.1 19 19 19 19 19 19 
April 113.5 30 30 30 30 30 30 
May 87.9 31 31 31 28 31 31 
June 154.4 30 30 30 5 30 30 
July 118.6 31 31 31 22 31 31 
August 20.1 31 31 31 12 31 31 
September 25.1 30 30 12 0 30 30 
October 58..66 317 11 20 0 31 31 
Total  233 213 204 116 233 233 
1FR=Falling Rock (perennial), GC01=Guy Cove 01 (perennial), GC02=Guy Cove 02 (intermittent), 
GC03=Guy Gove 03 (perennial), and WB=Wharton Branch (perennial). 
2Monitoring period= March 1, 2010 to November 19, 2010. 
3Monitoring period= March 16, 2011 to November 21, 2011. 
4Monitoring period= March 19, 2012 to November 30, 2012. 
5Monitoring period= March 12, 2013 to October 31, 2013; FR monitoring period= March 12, 2013 to October 
11, 2013. 
610.2 mm for FR. 





 Surface coal mining has impacted thousands of kilometers of headwater streams in 
the Appalachian Coalfields. Stream restoration efforts in this region have largely focused on 
perennial streams (Palmer and Hondula, 2014) with few projects seeking to restore 
intermittent or ephemeral channels which comprise the majority of channel length in such 
mountainous regions and are the waterways most impacted by surface mining activities 
(Shreve, 1969; Villines, 2013; Palmer and Hondula, 2014). The Guy Cove restoration project 
was completed by the University of Kentucky with the goal of restoring a headwater stream 
system on a valley fill. Over 1,400 m of ephemeral and intermittent stream was created and 
perennial stream restored. Re-establishing stream hydrology, particularly with respect to 
precipitation-runoff relationships and flow duration, is at the foundation of a successful 
stream restoration project (Harman et al., 2012). To evaluate the hydrologic performance of 
the created intermittent stream on the crown of the valley fill and the restored perennial 
stream at the toe of the valley fill, monitoring was conducted for a four-year period 
following construction. Hydrologic monitoring was also conducted at an unmined forested 
watershed and at a traditionally constructed valley fill.  
The results of this study indicate that significant differences in storm hydrograph 
parameters were present between the monitoring sites. FR, GC03 and WB had significantly 
larger normalized storm discharge volumes and peak discharges as compared to GC01 and 
GC02. FR and GC01 had the longest discharge durations, peak times, and lag times as 
compared to the other three sites. Response times did not vary between sites. CNs (λ=0.2 
and 0.05) were significantly larger at GC03, WB and GC01 as compared to GC02 and FR. 
Considering baseflow, normalized volumes were significantly greater at GC01, WB and 
GC03 as compared to FR and GC02 though GC02 had significantly fewer days of surface 





Over the four-year monitoring period, the created intermittent stream behaved in a 
similar fashion as the reference (FR) for some hydrologic parameters but not all. The biggest 
difference between the created intermittent stream and the reference condition is with 
respect to baseflow. The lack of connection to the groundwater table is causing a significant 
reduction in baseflow particularly at GC02. Although GC01 flows nearly year-round and has 
the largest normalized baseflow volume, the actual flow is quite small, averaging 55 m3 d-1, 
and is insufficient to sustain a similar baseflow pattern at GC02, particularly during low 
rainfall periods, without the input of additional groundwater. Visual observations indicate 
that instream flow volume reductions begin approximately 450 m down-gradient from GC01 
which is approximately where the intermittent stream slope begins to increase (≤1% to 
≥2%). Future stream creation/restoration efforts on mined lands should consider methods 




CHAPTER 5: USING ASSUMED VOLUME BALANCE FURROW 
IRRIGATION DESIGN METHODOLOGY TO EVALUATE WATER LOSS 
FROM AN INTERMITTENT STREAM CONSTRUCTED ON A VALLEY 
FILL 
5.1 INTRODUCTION 
Surface and ground waters are exchanged between saturated sediments both laterally 
and vertically within streams (Boulton et al., 1998; Findlay, 1995; Cardenas, 2009). This 
exchange of surface and ground waters, known as hyporheic exchange, occurs in a variety of 
stream types such as baseflow driven, low-order mountain streams and losing streams 
located in arid regions (Cardenas, 2009). In the Appalachian Coalfields or eastern Kentucky, 
such as at Robinson Forest which is the University of Kentucky’s 6,100 ha experimental 
forest, the headwater watersheds are generally characterized as having long, steep side slopes 
cut into layers of shale, sandstone, clay and siltstone. At Robinson Forest, soil depths are 
shallow ranging from 15 cm in the ridges of the upland areas to 300 cm in the valley 
bottoms (Kalisz, 1986). Such shallow soil depths indicate that hyporheic exchange is likely 
limited (Kasahara and Wondzell, 2003) and that subsurface flows are likely parallel streams 
and are confined to the shallow unconsolidated layers present between the stream and the 
underlying bedrock (Wondzell, 2006).   
Recreating hyporheic exchange in such headwater stream systems is a challenging 
process particularly in a stream system disconnected from the groundwater table (i.e. 
disconnected losing stream) such as the headwater intermittent stream created on the valley 
fill in the Guy Cove watershed which is located near Rowdy, Kentucky (Peterson and 
Wilson, 1988; Agouridis, 2009). During the surface mining process at Guy Cove, bedrock 
was fractured and an unconsolidated fill consisting of approximately 240,000 m3 of 
overburden was created. This unconsolidated fill, which ranges between 5 and 40 m in 
depth, coupled with increased pore space in the overburden allows water to flow more easily 
through it as compared to consolidated material (Hawkins, 1998). As such, an unsaturated 




that infiltration may occur at a constant rate into the valley fill material (Brunner et al., 2011; 
Brunner et al., 2009). 
Hydrologic data collected upstream of the created intermittent stream (GC01) and at 
end of the intermittent stream (GC02), which is located at the crest of valley fill, indicate that 
baseflow from GC01 is not sufficient, particularly during low rainfall periods, to sustain 
stream flow conditions at GC02. Not only are baseflow volumes from GC01 low, averaging 
55 m3 d-1, but the intermittent stream between the two monitoring sites lacks additional 
groundwater inputs (i.e. no connection to the groundwater table), loses base flow to 
evapotranspiration from instream and near stream vegetation, and potentially loses flow to 
the underlying fill material even though a compacted layer was created below the 
intermittent stream during the stream construction process. Further development of stream 
creation/restoration techniques for mined lands requires a better understanding of 
infiltration mechanisms particularly in relation to the effects of such mechanisms on 
baseflow characteristics. The assumed volume balance method (AVBM), which was 
developed for the design and evaluation of furrow irrigation, offers an opportunity to model 
baseflow conditions in the intermittent stream constructed on the crown of the valley fill at 
Guy Cove.  
5.1.1 Infiltration 
The Kostiakov equation is the infiltration equation most commonly used by 
irrigation engineers (Clemmens, 2007; Valiantzas et al., 2009). For furrow irrigation, the 
Kostiakov equation is given in equation. 5.1 as: 
 
𝑍 = 𝐾𝜏𝑎 + 𝐹0𝜏 + 𝐶 (eqn. 5.1) 
 
The variable Z represents the cumulative volume of infiltration per unit length (m3 m-1), K is 
an empirical constant with units of m3 m-1 min-a where a is a dimensionless empirical 
constant, 𝐹0 is the final intake rate in units of m3 m-1 min, C is a factor to account for 
cracking and depression storage in units of m3 m-1, and τ is the intake opportunity time in 
units of min.  K, a, F0, and C are empirical constants related to the soil’s ability to infiltrate 
water (Walker et al., 2006). Field data can provide an infiltration rate into the soil. The 




(USDA) - Natural Resource Conservation Service (NRCS) furrow intake family (Fn) (Walker 









𝐹0 = 0.000454(1.0149 − 𝑒−0.5596𝐹𝐹) (eqn. 5.3) 
 
𝐾 = 0.00247(𝐹𝑛 + 0.00319)0.5817 (eqn. 5.4) 
 
5.1.2 Assumed Volume Balance Method 
Furrows for irrigation are most often designed using the AVBM. The volume 
balanced approach states that the sum of the surface volume, the infiltrated volume, and 
outflow must equal the inflow (Huffman et al., 2013). The goal with furrow irrigation is to 
design the furrow and the inflow to minimize or reduce outflow. To use the AVBM to 
model flows in the created intermittent stream at Guy Cove, outflow must be included in the 
inflow volume as shown in equation 5.5. 
 
𝑉𝑖𝐹 = 𝑉𝑦(𝑡) + 𝑉𝑧(𝑡) + 𝑉𝑜𝑜𝑜 (eqn. 5.5) 
 
The variable Vin represents the inflow volume (m
3) at time t, Vy(t) is the volume (m
3) 
in surface storage at time t, Vz(t) is the infiltrated volume (m
3) in surface storage at time t, 
and Vout(t) is the volume flowing out of the channel (i.e. past GC02) (m
3) in surface storage 
at time t (Huffman et al., 2013). 
The volume of water entering the system can be estimated by equation 5.6. 
 
𝑉𝑖𝐹 = 𝑞𝑖𝐹𝑡𝑥 (eqn. 5.6) 
 
The variable qin is the inflow rate (m
3 min-1) and tx is the time (min) for flow to advance a 




The volume of water in surface storage can be estimated by equation 5.7. 
 
𝑉𝑦(𝑡) = 𝜎𝑦𝐴0(𝑡𝑥)𝑥 (eqn. 5.7) 
 
The variable σy is the surface storage shape factor (typical value of 0.75), Aotx is the cross-
sectional flow area (m2) at the inlet at time tx and 𝑥 is the distance (m) along the channel. The 
surface storage shape factor, σy, is defined as the ratio of the average cross-sectional area of 
flow in the x direction to the cross-sectional area of flow at the inlet. This value typically 
varies between 0.7 and 0.8 (Huffman et al., 2013). 
The volume of infiltration during the advance stage as flow begins at the head of the channel 
and progresses to the end of the channel can be given by the equation 5.8 when using the 
Kostiakov infiltration equation. 
 
𝑉𝑧(𝑡) = �𝜎𝑧𝐾𝑡𝑥𝑎 + �
ℎ
ℎ + 1
� 𝐹0(𝑡𝑥) + 𝐶� 𝑥 
(eqn. 5.8) 
 
The variable σz is the subsurface shape factor as given by the equations 5.9 and 5.10. 
 
𝜎𝑧 =
ℎ + 𝑎(ℎ − 1) + 1
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The variable tL represents the time (min) required for water to advance the full length of the 
furrow, tL/2 (min) is the time required for water to advance half the length of the furrow, xL is 
the full length of the furrow, and xL/2 is half the length of the furrow (Huffman et al., 2013). 
5.2 METHODS 
Upstream and downstream flow data were collected from March to November 
during the years 2010, 2011, 2012 and 2013 using trapezoidal flumes due to the low flow 




Situ Level TROLL® 500 (5 psig) pressure transducers (Fort Collins, CO) at GC01 
(upstream) and GC02 (downstream). The AVBM was not designed to model surge flow, so 
all quick response hydrographs were removed from the data and evaluation was performed 
solely on baseflow conditions. Further analysis of the flow data indicates that baseflow is lost 
between GC01 and GC02 starting around mid-May of each year, meaning that the AVBM 
developed is based on data obtained from March-May each year of the four-year study 
period. 
The AVBM was developed using Microsoft Excel 2010. Table 5.1 contains the 
model inputs. Equations 5.1-5.10 were used to compute the infiltration volume and depth. 
The USDA-NRCS intake family for the intermittent stream at Guy Cove was determined 
using an infiltration rate computed using data related to stream flow loss, surface area, and 
estimated evaporation rates per the principle of continuity as shown in equation 5.10  
(Thomas, 2000).  
 
𝑞𝑖𝐹 = 𝑞𝑜𝑜𝑜 + 𝑞𝑖𝐹𝑏 + 𝑞𝑒𝑒𝑎𝑒 
 
(eqn. 5.10) 
Flow data at GC01 was use to indentify flow into the stream while flow data at 
GC02 was used ot identify flow out of the stream. Pan evaporation data collected at 
Buckhorn Lake, which is approximately 50 km from Guy Cove, was used to estimate the 
evaporation rate (Farnsworth, 1983). Baseflow volumes are lower at GC02 as compared to 
GC01. During the summer and fall months, flow was generally absent at GC02. Thirteen 
baseflow only periods were evaluated and using equation 5.10 an average infiltration rate of 
2.17 mm h-1 for the intermittent stream at Guy Cove. Walker et al. (2006) indicated that an 
infilration rate of 2.16±1.24 mm h-1 would result in a Fn of 0.12. Considering the standard 
deviation, both a low Fn of 0.043 and a high Fn of 0.19 were evaluated using the AVBM. A 
Fn=0.12 results in empirical constants of K=7.31 x 10
-4 m3 m-1 min-a, a=0.447, and F0=3.63 
x10-5 m3 m-1 min.  Based on visual inspection of the intermittent streambed at Guy Cove, the 
C value was set to 0 since no cracking was visually present. The typical value of 0.75 was 
assumed for the surface storage shape factor, σy (Huffman et al., 2013). 
The AVBM in furrow irrigation is based on the assumption that the furrow has a 




stream at Guy Cove varied depending in part on feature type (e.g. riffle, pool or step) and 
locations of instream structures; therefore, an average stream bottom width of 1.16 m was 
used in the model. Stream side slopes are 2:1 (H:V) and qin was obtained using discharge data 
at GC01. A Manning’s n of 0.054 was used based on visual observations of the channel 
(Arcement and Schnieder, 1989). Manning’s equation (equation 5.11) was used to compute 










Table 5.1:  Input data for Guy Cove to use in the Assumed Volume Balance Method 
Infiltration Model 
Model Parameter Input Value 
Stream length (m) 752.55 
Stream slope (m m-1) 0.02 
Manning’s roughness coefficient, n 0.054 
Furrow intake family, Fn 0.12 
Kostiakov empirical Constant, K (m3 m-1 min-a) 7.31 10-4 
Kostiakov empirical constant, a 0.447 
Empirical Constant for final intake, F0 (m
3 m-1 min) 3.63 x10-5 
Empirical constant for cracking, c (m3 m-1) 0.00 
 Inflow into streamf (L s-1) 2.16 
σy 0.75 
Inflow cross sectional area, A0 (m
2) 1.89 x 10-2 
Time for flow to advance half of stream length (min) 47.70 
Time for flow to advance full of stream length (min)1 120.50 
1 The increased length of advance time from the half to full length of the channel is due to the increased 






The variable R represents hydraulic radius (m) and S is slope (m m-1). Stream lenth is the 
thalweg distance of 760 m between GC01 and GC02.  Figure 5.1 is a schematic of the 
furrow irrigation model. 
The times requried to flow half (tL/2) and the full (tL) the lengths of the intermittent 
stream were  initially estimated to obtain a starting value for h and thus σz to begin the 
interative process of computing flows and infiltration volume. Each iteration of the model 
adjusts the advance time to ensure that continuity is maintained as per equation 5.5. In order 
to ensure the minimization of error that is the result of using empirical mathematical 
modeling and thus to provide more accurate results than those obtained with only two 
stations (tL/2 and tL), the intermittent stream reach was subdivided into 25 stations (i.e. 
approximately one station per 30 m). The initial run of the AVBM was done using the 
assumption that Vout=0. 
The time required for flow to advance to the subsequent station was computed using 
equation 5.12. 
 





 (eqn. 5.12) 
The differnce in flow between stations was computed using equation 5.13 where the goal 
was to minimize error per equation 5.14. 
 
𝐷𝐷𝑓𝑓𝑒𝑓𝑒𝑛𝑐𝑒 =  𝑉𝑖𝐹 − 𝑉𝑦 − 𝑉𝑧 (eqn. 5.13) 
 






The Solver function in Microsoft Excel was used to minimize the sum of squared 
error at each station to allow for the determination of the advance time which would balance 
inflow, surface storage, and infiltration. Solver was constrained so that the time at each 
station was positive and each station increased in value as stream length increased. Once 
final values for the advance time and tL were determined, the total infiltration volume and 




Figure 5.1:  Furrow irrigation infiltration schematic. The variable BW represents channel 








Flow time is the length of time that flow is running through the intermittent stream 
and was calculated using equation 5.15. 
 
𝑡𝑏 = 𝑡𝑐𝑜 − 𝑡𝐴 (eqn. 5.15) 
   
The variable tf is the flow time (min) at station x, tco is the duration of time (min) flow is 
entering the channel, and tA is the advance time  (min) at each station. Infiltration, Z (m
3 m-
1), at each station was calculated using equation 5.1, and infiltration depth was computed 





 (eqn. 5.16) 
 
The variable zd is the infiltration depth (m) and W is the horizontal infiltration length (m) 
(Walker et al., 2006).  The total infiltration volume for each station was found by multiplying 
Z by the distance between stations. By summing the volume of water infiltrated between 
each station, the total infiltrated volume was calculated. 
 Over a four year monitoring period, the maxium length of time that baseflow 
cconsistently flowed from GC01 to GC02 was 60 days (e.g. mid-March to mid-May) after 
which baseflow between these two monitoring stations is inconsistent to nonexistent. 
Therefore, to determine the maximum depth of infiltration at GC02, tco was assumed to be 
86000 min. Using the principle of continuity, the total and average volumes of flow passing 
GC02 was computed using equations 5.17 and 5.18, respectively. 
 










5.3 RESULTS AND DISCUSSION 
Over the four year monitoring period, measured baseflow at GC01 had maximum 
value of 2.78 L s-1 with an average value of 1.28 L s-1.  The maximum measured baseflow at 
GC02 was 2.43 L s-1 with an average value of 0.76 L s-1. Table 5.2 contains the 25 periods of 
approximately constant baseflow identified at both GC01 and GC02. Differences in 
baseflow between GC01 and GC02 ranged between 12.6 and 88.9% with an average value of 
47.8% and a median value of 52.8%. Outflow at GC02 was consistently less than inflow at 
GC01 (Figure 5.2).  
Table 5.3 contains the results of using the inflow at GC01 and the AVBM model 
with Fn of 0.043, 0.12, and 0.19 to predict flow at GC02. As seen in Figures 5.3-5.5, the 
AVBM model performed well at predicting outflow at GC02. The model slightly over-
predict outflows at GC02 using Fn=0.043 and slightly under-predicted using Fn=0.19. The 
coefficients of determination were similar for all three values of Fn at 0.81, 0.84 and 0.86 for 
Fn equal to 0.043, 0.12 and 0.19, respectively. These results indicate that infiltration of waters 
into the streambed accounted for the majority of the loss in baseflow between GC01 and 
GC02. While it was expected that vegetation in and around the stream also contributed to a 
reduction in baseflow through the mechanism of evapotranspiration, this component was 
likely small in comparison to infiltration. As the vegetation (e.g. trees) along the stream 
continues to grow, further reductions in baseflow due to increased evapotranspiration rates 
are anticipated. Using a mean baseflow flow rate of 1.28 L s-1 over a 60-day period (the 
longest period of continuous flow from GC01 to GC02), predicted infiltration depths were 
0.7, 1.4 and 2.4 m for Fn of 0.043, 0.12 and 0.19, respectively (Figure 5.6), while predicted 
infiltration volumes are 1,149; 2,484 and 4,138 m3, respectively.  
The results of the AVBM indicate that it would take nearly five years at an 
infiltration rate of 0.5 L s-1 for infiltrated water to extend to the underdrain. This infiltration 
rate assumes that the  valley fill is homogenous (i.e. because of sorting during the mining 
process, it is anticipated the valley fill is heterogenous) (Hawkins, 1998). What the knowledge 
of this infiltrated water can give us is a design location for a compacted layer to restrict 
further flow and allow for the development of a hyporheic zone. This depth can also be used 




Table 5.2:  Measured inflow (GC01) and outflow (GC02) for the intermittent stream at Guy 
Cove. 
Period Average Inflow (L s-1) Average Outflow (L s-1) 
1 2.78 2.43 
2 1.82 1.54 
3 1.67 1.46 
4 1.56 1.26 
5 1.56 0.65 
6 1.32 0.43 
7 1.51 0.54 
8 1.59 1.34 
9 1.29 0.35 
10 1.23 0.67 
11 0.89 0.25 
12 1.25 0.59 
13 0.37 0.15 
14 0.71 0.10 
15 1.16 0.60 
16 0.52 0.10 
17 2.05 1.45 
18 1.67 1.24 
19 1.33 1.12 
20 1.46 0.95 
21 1.69 0.81 
22 1.56 0.70 
23 0.65 0.30 
24 0.27 0.03 




Figure 5.2: Inflow at GC01 was consistently larger than outflow at GC02. 
Measured Inflow (L s-1)
at GC01




































Predicted Outflow (L s-1) 
Fn 
0.043 0.12 0.19 
1 2.78 2.43 2.56 2.31 1.98 
2 1.82 1.54 1.59 1.34 1.02 
3 1.67 1.46 1.45 1.2 0.88 
4 1.56 1.26 1.34 1.09 0.77 
5 1.56 0.65 1.34 1.09 0.77 
6 1.32 0.43 1.1 0.85 0.53 
7 1.51 0.54 1.29 1.04 0.72 
8 1.59 1.34 1.37 1.12 0.80 
9 1.29 0.35 1.07 0.82 0.50 
10 1.23 0.67 1.01 0.82 0.50 
11 0.89 0.25 0.67 0.42 0.00 
12 1.25 0.59 1.03 0.78 0.46 
13 0.37 0.15 0.14 0.00 0.00 
14 0.71 0.10 0.49 0.24 0.00 
15 1.16 0.60 0.94 0.69 0.37 
16 0.52 0.10 0.3 0.05 0.00 
17 2.05 1.45 1.83 1.58 1.26 
18 1.67 1.24 1.45 1.2 0.88 
19 1.33 1.12 1.11 0.86 0.54 
20 1.46 0.95 1.24 0.99 0.67 
21 1.69 0.81 1.47 1.09 0.77 
22 1.56 0.70 1.34 1.09 0.77 
23 0.65 0.30 0.43 0.18 0.00 
24 0.27 0.03 0.05 0.00 0.00 





Figure 5.3: Measured versus predicted outflow GC02 (Fn=0.043). 
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Figure 5.4: Measured versus predicted outflow GC02 (Fn=0.12). 
Measured Outflow (L s-1)
at GC02

































Figure 5.5: Measured versus predicted outflow GC02 (Fn=0.19). 
Measured Outflow (L s-1)
at GC02
































Figure 5.6: Infiltration depth in relation to depth of the valley fill at Guy Cove for (a) Fn = 





                Original Ground Line 




The most sensitive parameters in the AVBM model are the amount of time water is 
flowing in the stream and the infiltration characteristics of soil along the stream’s bed and 
banks. Per equation 5.1, the AVFM model predicts that an increase in the duration of 
baseflow in the intermittent stream will result in an increase in the infilration depth. While 
stream morphology impacts the depth to which waters will infiltrate, it does not significantly 
impact the volume of infiltrated water. One limitation of the AVBM model is its robustness 
at low flows (e.g. <0.5 L s-1 for Fn=0.12). Under this condition, the volume of water 
infiltrating the soil can exceed the inflow volume. If this situation occurs, the model will not 
converge, it will attempt to lengthen the travel time rather than indicate that the channel will 
run dry. 
5.4 CONCLUSIONS 
The AVBM model predicts that the reduction in baseflow along the intermittent 
stream Guy Cove is mainly due to infiltration of waters into the surrounding soil. Over the 
four year monitoring period, infiltration accounted for approximately 80-85% of the 
reduction in baseflow from GC01 to GC02. While these finding suggest the role of 
vegetation in baseflow loss via evapotranspiration is limited, this scenario could change as 
the trees surrounding the stream continue to mature (Sena et al., 2014).  The measured rate 
of baseflow loss from the intermittent stream is 0.5 L s-1.  Using the AVBM model it is 
predicted to take over five years of constant flow at 2.16 L s-1 for the infiltration to saturate 
the fill under the stream to the toe drain constructed in the hollowfill at Guy Cove. As 
shown in figure 5.6, using the maximum 60-day of consistent flow between GC01 and 
GC02, less than 10% of the depth of fill was saturated from infiltration from the 
reconstructed stream. 
One limitation of the AVBM model is the assumption of a straight, uniform channel. 
Restoration designs for low-gradient systems (e.g. ≤2%) will incorporate sinuosities greater 
than 1.0. Sinuosities greater than 1 are accounted for via the Manning’s roughness coefficient 
(Arcement and Schnieder, 1989). However, such assumptions could influence predicted 
infilitration rates and depths along the channel. Another limitation is that he AVBM model 
does not identify the flow paths of the infiltrated water but rather assumes it continues to 
flow downward in an unrestricted fashion. The model does not account for all of the 




roughness. In spite of these limitations, the results from this suggest that the AVBM model 
is useful for evaluating infiltration depths and volumes of streams constructed on mined 








CHAPTER 6:  SUMMARY OF CONCLUSIONS 
6.1 DEVELOPMENT OF REGIONAL CURVES FOR HYDROLOGIC 
LANDSCAPE REGIONS IN THE CONTINENTAL UNITED STATES 
 Developing a stream restoration design, such as through natural channel design 
techniques, is an iterative process that often begins by identifying the appropriate bankfull 
discharge and channel dimensions such as cross-sectional area, width and mean depth with 
the aid of regional curves (Doll et al., 2003; Hey, 2006; USDA-NRCS, 2007). Regional curves 
relate these bankfull channel characteristics to drainage area thus providing designers with 
(1) tools to help identify bankfull elevation in the field such as when bankfull indicators are 
absent or infrequent (Castro and Jackson, 2001; Metcalf et al., 2009; Brockman et al., 2012) 
and (2) a basis for stream assessment and design (Hey, 2006; USDA-NRCS, 2007). Regional 
curves are typically developed for a single physiographic province meaning an area with 
similar landform (Fenneman, 1917) such as Piedmont of North Carolina (Harman et al., 
1999), Valley and Ridge of Maryland, Virginia, and West Virginia (Keaton et al., 2005), 
Florida Coastal Plains (Metcalf et al., 2009), or Inner and Outer Bluegrass Regions of 
Kentucky (Brockman et al., 2012). The degree to which geology (e.g. karst vs non-karst), 
climate (e.g. rainfall patterns), and vegetation (e.g. forest vs grassland) influence stream 
systems within a single physiographic province may or may not be considered when 
developing regional curves. Hydrologic Landscape Units (HLU) are one method of further 
dividing large geographic regions into smaller more homogenous ones on the basis of the 
movement of water as driven by landform (surface water), geology (groundwater), and 
climate (atmospheric water) (Winter, 2001). The objectives of this chapter were to (1) 
develop regional curves for each HLR and (2) compare the HLR-based regional curves to 
each other and one for the conterminous U.S.  
Chapter 2 outlines the methods and assessment of using 2,118 sites to develop 
regional curves for the 20 HLR defined by the USGS for the conterminous US. Individual 
HLR regional curves with good (R2≥0.6) fits were developed for 65% of the HLRs for 
bankfull cross-sectional area; an additional 10% of the HLRs had moderate fits (0.5 ≤ 
R2<0.6). For bankfull width, 70% of the HLRs had good fits while an additional 20% had 




depth. This research provides stream restoration designers with a new set of regional curves 
that can be used in stream assessment and design.  
This method can be used to begin the design process for a stream to be 
reconstructed on mined lands. In the case of the Guy Cove project, the watershed exists 
within HLR 16 (Figure 6.1). According to the information, provided in Chapter 2, HLR 16 
has both a good fit based on the R2 for the regression equations for all three-design bankfull 
parameters (cross-sectional area, width and mean depth). HLR 16 all meets the criteria where 
multiplying the regression equations for bankfull width and bankfull mean depth produce 
the equation for bankfull cross-sectional area. This means that the restored stream on the 
crest of the valley fill at Guy Cove should use the following equations for its design: 
𝐴𝑏𝑏𝑏 = 0.67𝐴𝑤0.67 (eqn. 6.1) 
 
𝑊𝑏𝑏𝑏 = 2.75𝐴𝑤0.42 (eqn. 6.2) 
 
𝐷𝑏𝑏𝑏 = 0.24𝐴𝑤0.25 (eqn. 6.3) 
At GC02 the drainage area is 0.38 km2. Using equations 6.1-6.3, the design for the 
riffle sections of the stream in the Guy Cove watershed would be designed to have a cross 
sectional area of 0.35 m2, a bankfull width of 1.83 m, and a bankfull mean depth of 0.19 m.  
Agouridis et al. (2009a) indicated that the average as-built dimensions for bankfull cross-
sectional area, bankfull width, and bankfull mean depth of the riffle sections of the stream 
reconstructed in Guy Cove are 0.44 m2, 2.44 m and 0.15 m, respectively.  The reconstructed 
stream at Guy Cove had dimensions very close to those identified by the regional curves 












6.2 HYDROLOGIC RESPONSE OF TWO SMALL FORESTED 
WATERSHEDS BEFORE AND AFTER AN EXTREME STORM EVENT 
Changes in land use and thus watershed hydrology are linked to changes in stream 
morphology. However, land use, and hence rates of runoff, infiltration and 
evapotranspiration, is not the only driver with regards to alterations in stream morphology. 
Precipitation characteristics such as depth, duration and frequency also impact watershed 
hydrology.  Increases in the magnitude and frequency of extreme precipitation events 
can in turn lead to extreme flood events. While extreme flood events can have profound 
impacts on society through the direct and indirect loss of life and property (NAS, 1999; 
Easterling et al., 2000; Jonkman, et al., 2009), these pulse disturbances can also impact the 
natural environment, particularly streams and their floodplains. While linkages between 
changes in hydrologic inputs and their effects on stream morphology have been established, 
questions remain with regards to feedback, specifically, how changes in stream morphology 
might in turn affect the hydrologic response of streams. The objective of this chapter was to 
determine if this extreme rainfall event significantly changed the storm hydrologic response 
of intermittent and perennial portions of Falling Rock (FR) and Little Millseat which are two 
reference watersheds in the Robinson Forest.   
The hydrograph parameters discharge volume, peak discharge, discharge duration, 
peak time, lag time, response time, and CN (λ=0.2 and 0.05) were examined for four-year 
periods both before and after the extreme storm event. Intermittent and perennial sites were 
examined within each watershed. Findings suggest that perennial sites in both watersheds 
can be used interchangeably as reference reaches or controls in paired watershed and other 
such studies. It is recommended that additional data collection efforts focus on the 
intermittent sites as conclusions regarding the effect of the extreme storm event on 
hydrologic response of these sites cannot be made at this time due to lack of sufficient data. 
This information is necessary for the hydrologic assessment for the restored stream 
in the Guy Cove watershed, because as can be seen in Figure 4.3, the watershed at Guy Cove 
is shaped much more like the watershed for LMS than FR (figure 3.2). While it is more 
accurate to use watersheds of similar shape in general, this study showed that hydrologically, 
LMS and FR can be used interchangeably which means that even though FR has a different 




2012, which would have made a storm-to-storm comparison impossible for one of the four 
years of the study.  Being able to use FR as a reference watershed allowed for a more 
complete comparison throughout the entire study period. 
6.3 HYDROLOGIC ASSESSMENT OF A STREAM CREATED ON A VALLEY 
FILL 
Between 1985 and 2001, the U.S. Office of Surface Mining (USOSM) estimated that 
about 1,191 km of headwater streams were lost in Ohio, West Virginia, and Kentucky due to 
the placement of overburden in valleys (USEPA, 2011). Furthermore, the surface mining 
process through blasting, removal and replacement of overburden transforms low permeable 
bedrock into highly permeable spoil resulting in the loss of perched aquifers which once fed 
many of these headwater streams (Callaghan et al., 2000; USEPA, 2010; USEPA, 2010a; 
USEPA, 2011b).  The need exists to restore headwater stream systems particularly those 
which were once on previously mined lands (e.g. abandoned mined lands) in an effort to 
replace the lost ecosystem services (e.g. water, sediment and organic matter inputs to 
downstream reaches; habitat provision for aquatic and terrestrial species; and nutrient 
cycling) such stream systems once provided (Vannote et al., 1980; Gomi et al., 2002). 
One effort to restore a headwater stream system on previously surface mined lands occurred 
at Guy Cove which is located near Rowdy, Kentucky. Guy Cove is a valley fill created during 
the 1990’s by the American Electric Power Kentucky Coal mining operation that extensively 
mined the Hazard 7 and 9 coal seams (Agouridis et al., 2009). From mid-2008 to early-2009, 
the University of Kentucky constructed over 1,400 m of stream (474 m ephemeral, 760 m 
intermittent, and 184 m and perennial) at Guy Cove using a natural channel design approach 
(Hey, 2006). The restoration process also resulted in the creation of about 2,000 m2 vernal 
pools along with a treatment wetland and the planting of 30,000 trees on 16.2 ha in 
accordance with the Forestry Reclamation Approach (FRA). From 2010 through 2013, the 
restored stream was monitored with regards to hydrology, geomorphology, water quality, 
vegetation, and habitat (Agouridis et al., 2009). 
As hydrology is the foundation of stream restoration, pre-disturbance hydrologic 
functions such as precipitation-runoff relationships and flow duration must be reestablished 
for a stream restoration project to demonstrate hydrologic success (NRC, 1992; Harmon et 




restored stream system at Guy Cove by (1) evaluating precipitation-runoff relationships and 
(2) flow durations both for the restored intermittent and perennial reaches in comparison to 
an unmined forested watershed (reference condition) and a traditionally constructed valley 
fill. 
The results of this study indicate that significant differences in storm hydrograph 
parameters were present between the monitoring sites. FR, GC03 and WB had significantly 
larger normalized storm discharge volumes and peak discharges as compared to GC01 and 
GC02. FR and GC01 had the longest discharge durations, peak times, and lag times as 
compared to the other three sites. Response times did not vary between sites. CNs (λ=0.2 
and 0.05) were significantly larger at GC03, WB and GC01 as compared to GC02 and FR. 
Considering baseflow, normalized volumes were significantly greater at GC01, WB and 
GC03 as compared to FR and GC02 though GC02 had significantly fewer days of surface 
water as compared to the other sites.  
Over the four-year monitoring period, the created intermittent stream behaved in a 
similar fashion as the reference (FR) for some hydrologic parameters but not all. The biggest 
difference between the created intermittent stream and the reference condition is with 
respect to baseflow. The lack of connection to the groundwater table is causing a significant 
reduction in baseflow particularly at GC02. Although GC01 flows nearly year-round and has 
the largest normalized baseflow volume, the actual flow is quite small, averaging 55 m3 d-1, 
and is insufficient to sustain a similar baseflow pattern at GC02, particularly during low 
rainfall periods, without the input of additional groundwater. Visual observations indicate 
that instream flow volume reductions begin approximately 450 m down-gradient from GC01 
which is approximately where the intermittent stream slope begins to increase (≤1% to 
≥2%). Future stream creation/restoration efforts on mined lands should consider methods 
for rebuilding a groundwater table or other such reservoir to supply baseflow to streams. 
6.4 USING ASSUMED VOLUME BALANCE FURROW IRRIGATION 
DESIGN METHODOLOGY TO EVALUATE WATER LOSS FROM AN 
INTERMITTENT STREAM CONSTRUCTED ON A VALLEY FILL 
Surface and ground waters are exchanged between saturated sediments both laterally 
and vertically within streams (Boulton et al., 1998; Findlay, 2003; Cardenas, 2009). This 




stream types such as baseflow driven, low-order mountain streams and losing streams 
located in arid regions (Cardenas, 2009). Recreating hyporheic exchange in such headwater 
stream systems is a challenging process particularly in a stream system disconnected from the 
groundwater table (i.e. disconnected losing stream) such as the headwater intermittent 
stream created on the valley fill in the Guy Cove watershed which is located near Rowdy, 
Kentucky (Peterson and Wilson, 1988; Agouridis, 2009). 
Hydrologic data collected upstream of the created intermittent stream (GC01) and at 
end of the intermittent stream (GC02), which is located at the crest of valley fill, indicate that 
baseflow from GC01 is not sufficient, particularly during low rainfall periods, to sustain 
baseflow conditions at GC02. Not only are baseflow volumes from GC01 low, averaging 55 
m3 d-1, but the intermittent stream between the two monitoring sites lacks additional 
groundwater inputs (i.e. no connection to the groundwater table), loses base flow to 
evapotranspiration from instream and near stream vegetation, and potentially loses flow to 
the underlying fill material even though a compacted layer was created below the 
intermittent stream during the stream construction process. Further development of stream 
creation/restoration techniques for mined lands requires a better understanding of 
infiltration mechanisms particularly in relation to the effects of such mechanisms on 
baseflow characteristics. The assumed volume balance method (AVBM), which was 
developed for the design and evaluation of furrow irrigation, offers an opportunity to model 
baseflow conditions in the intermittent stream constructed on the crown of the valley fill at 
Guy Cove.  
The AVBM model predicts that the reduction in baseflow along the intermittent 
stream Guy Cove is mainly due to infiltration of waters into the surrounding soil. Over the 
four year monitoring period, infiltration accounted for approximately 80-85% of the 
reduction in baseflow from GC01 to GC02. While these finding suggest the role of 
vegetation in baseflow loss via evapotranspiration is limited, this scenario could change as 
the trees surrounding the stream continue to mature (Sena et al., 2014).  The rate of baseflow 





CHAPTER 7:  FUTURE WORK 
The reconstruction of a stream on mined lands, such as a valley fill, presents several 
challenges. One challenge is disconnected of the crown of the fill from the groundwater 
table. The Assumed Volume Balance Method (AVBM) discussed in chapter 5 is a good tool 
for assessing the volume and depth of water infiltrating into a valley fill; however, the 
AVBM does not provide information regarding the fate of said inflated waters. The AVBM 
model has the potential to aid in stream restoration design on mined lands by predicting base 
flow conditions. Further work should focus on using the AVBM model to account for 
additional surface flow inputs from waterbodies such as ephemeral reaches and vernal pools. 
In most groundwater modeling scenarios, it is assumed that there is a connection 
between ground and surface water (Brunner et al., 2011).  In the case of the intermittent 
stream constructed on the crown of Guy Cove, this assumption of a surface and 
groundwater connection is not valid.  Further evaluation of the intermittent stream at Guy 
Cove through measurement of hyporheic zone interactions may be useful in evaluating the 
subsurface flow conditions and could lead to a better understanding of infiltration 

























































































































Table B.1: HRL 1 Dataset. 
















(2003b) -75.7928 38.7122 NAD27 18.39 2.43 2.94 5.36 0.55 
McCandless 
(2003b) -75.8981 38.6817 NAD27 21.76 1.83 3.12 5.46 0.57 
McCandless 
(2003b) -75.5675 38.9758 NAD27 35.22 2.83 7.12 10.21 0.70 
McCandless 
(2003b) -75.7928 38.7122 NAD27 18.39 2.43 2.94 5.37 0.55 
McCandless 
(2003b) -75.8981 38.6817 NAD27 21.76 1.83 3.11 5.46 0.58 
McCandless 
(2003b) -75.5125 38.9056 NAD83 7.25 0.99 1.93 4.48 0.43 
McCandless 
(2003b) -75.5617 38.7283 NAD83 195.29 9.65 19.78 16.40 1.21 
McCandless 
(2003b) -75.4714 38.2289 NAD83 116.29 6.28 10.36 11.10 0.93 
McCandless 
(2003b) -75.5125 38.9056 NAD83 7.25 0.99 1.94 4.48 0.43 
McCandless 
(2003b) -75.4714 38.2289 NAD83 116.29 6.28 10.35 11.10 0.95 
Metcalf et al. 
(2009) -83.7250 31.7389 NAD27 2.33 0.20 0.65 3.75 0.18 
Metcalf et al. 
(2009) -83.7697 31.3625 NAD27 4.14 0.59 0.99 3.26 0.30 
Metcalf et al. 
(2009) -83.6975 31.6961 NAD27 16.84 0.48 1.85 6.65 0.27 
Metcalf et al. 
(2009) -83.7022 31.6922 NAD27 22.02 0.65 2.51 7.10 0.37 
Metcalf et al. 
(2009) -84.0761 30.9050 NAD27 38.85 1.27 2.79 4.51 0.61 
Metcalf et al. 





Table B.1 (cont’d). 















Metcalf et al. 
(2009) -84.2628 30.8650 NAD27 155.40 7.36 11.78 10.91 1.07 
Metcalf et al. 
(2009) -82.6203 30.3653 NAD27 229.47 11.27 17.01 10.09 1.68 
Metcalf et al. 
(2009) -82.2742 29.9981 NAD27 494.69 8.81 19.40 14.18 1.37 
Metcalf et al. 
(2009) -83.8239 30.1706 NAD27 512.82 10.62 26.19 11.71 2.23 
Metcalf et al. 
(2009) -85.4556 30.3194 NAD27 174.05 12.43 23.15 14.45 1.62 
Metcalf et al. 
(2009) -86.3069 30.7958 NAD27 318.57 37.10 34.77 18.05 1.92 
Metcalf et al. 
(2009) -84.5236 30.5122 NAD27 789.95 35.68 66.74 29.09 2.29 
Rachol (2009) -86.2797 44.1208 NAD27 328.93 14.10 16.75 21.34 0.78 
Rachol (2009) -85.3653 46.1181 NAD27 72.52 10.34 6.32 10.95 0.58 
Rachol (2009) -84.4556 44.6147 NAD27 1,038.59 18.72 18.16 26.62 0.68 
Rachol (2009) -84.6111 45.2989 NAD27 512.82 14.22 11.68 16.46 0.71 
Sweet and 
Geratz (2003) -78.1253 34.2786 NAD83 55.94 2.76 12.18 13.32 0.91 
Sweet and 
Geratz (2003) -77.5194 34.8492 NAD83 243.46 13.31 36.80 18.29 2.01 
Sweet and 
Geratz (2003) -77.4614 35.0642 NAD83 435.12 9.63 55.80 23.17 2.41 
USEPA (2006) -75.6675 38.5255 WGS84 1.77 --2 0.80 3.13 0.25 
USEPA (2006) -75.2770 38.2699 WGS84 0.51 -- 0.60 3.29 0.18 
USEPA (2006) -81.6051 30.1531 WGS84 8.90 -- 0.93 3.94 0.24 
USEPA (2006) -100.1010 43.1188 WGS84 340.91 -- 2.81 5.24 0.54 
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USEPA (2006) -86.0133 44.1428 WGS84 397.92 -- 4.49 13.72 0.33 
USEPA (2006) -84.9469 44.1176 WGS84 70.83 -- 1.91 6.58 0.29 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -121.7758 43.8142 NAD27 341.88 7.93 8.70 18.29 0.49 
Doll et al. 
(2003) -81.0219 33.9958 NAD83 1.00 4.00 2.90 10.00 0.30 
Doll et al. 
(2003) -77.9103 35.4794 NAD27 4.92 2.06 4.62 4.60 1.01 
Doll et al. 
(2003) -79.1775 35.1828 NAD83 19.68 2.97 4.78 6.71 0.70 
Doll et al. 
(2003) -77.8061 35.4889 NAD83 208.24 21.13 43.55 21.19 2.04 
Doll et al. 
(2003) -78.1097 35.6911 NAD83 416.99 29.79 52.88 31.40 1.68 
Emmert (2001) -98.0136 37.8625 NAD27 1,232.84 34.58 31.97 43.90 0.73 
Emmert (2001) -98.0136 37.9011 NAD27 137.79 6.28 10.77 10.37 1.04 
Krstolic and 
Chaplin (2007) -76.9869 37.1747 NAD27 1.84 1.36 1.25 3.14 0.40 
Krstolic and 
Chaplin (2007) -76.0617 38.9167 NAD27 11.91 0.85 2.21 6.04 0.37 
Krstolic and 
Chaplin (2007) -77.1064 37.7847 NAD27 15.98 4.81 2.86 5.06 0.58 
Krstolic and 
Chaplin (2007) -76.4950 37.8767 NAD27 17.66 1.41 5.42 7.10 0.76 
Krstolic and 
Chaplin (2007) -77.3597 37.8819 NAD27 43.51 3.29 4.69 7.90 0.61 
Krstolic and 
Chaplin (2007) -75.7856 38.9969 NAD83 292.67 18.03 35.55 35.34 1.01 
McCandless 
(2003b) -76.0617 38.9167 NAD27 11.91 1.11 2.52 8.17 0.31 
McCandless 
(2003b) -75.7856 38.9969 NAD83 292.67 19.52 35.61 29.63 1.20 
McCandless 
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(2003b) -76.7486 38.8142 NAD83 232.32 19.07 25.19 17.29 1.46 
Metcalf et al. 
(2009) -86.7817 30.8503 NAD27 3.89 1.16 2.20 4.51 0.49 
Metcalf et al. 
(2009) -86.6597 30.7278 NAD27 19.94 5.40 5.92 6.43 0.91 
Metcalf et al. 
(2009) -85.9583 31.2722 NAD27 55.43 6.15 10.78 10.43 1.04 
Metcalf et al. 
(2009) -86.5194 30.5572 NAD27 71.48 7.19 10.28 11.04 0.95 
Metcalf et al. 
(2009) -87.7986 30.5453 NAD27 143.23 14.95 21.92 14.54 1.49 
Metcalf et al. 
(2009) -86.1792 30.5561 NAD27 216.78 16.77 36.89 15.18 2.44 
Metcalf et al. 
(2009) -86.9722 30.7083 NAD27 613.83 37.67 52.43 35.55 1.46 
Metcalf et al. 
(2009) -86.5708 30.6972 NAD27 1,227.66 75.05 81.97 40.64 2.01 
Rachol (2009) -85.5172 44.1025 NAD27 155.40 11.75 8.84 10.73 0.82 
Rachol (2009) -89.0764 46.3569 NAD27 424.76 22.40 10.20 21.40 0.83 
Rachol (2009) -86.3583 43.7950 NAD27 109.56 5.49 8.61 15.24 0.56 
Rachol (2009) -84.5150 45.3744 NAD27 360.01 11.13 10.20 13.11 0.78 
Rachol (2009) -85.7697 44.1933 NAD27 634.55 24.95 20.00 19.63 1.02 
Rachol (2009) -83.9586 42.4269 NAD27 204.87 2.61 5.23 8.38 0.63 
Rachol & Morse 
(2009) -85.079976 42.103101 NAD83 533.54 -- 12.78 21.95 0.58 
Rachol & Morse 
(2009) -84.827740 41.948659 NAD83 126.13 -- 7.49 19.21 0.39 
Rachol & Morse 
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Rachol & Morse 
(2009) -85.517277 44.102511 NAD83 155.40 -- 8.84 10.73 0.82 
Robinson (2013) -87.059520 41.659630 NAD83 16.16 -- 3.70 6.55 0.55 
Robinson (2013) -86.848350 41.673240 NAD83 49.47 -- 12.70 11.74 1.10 
Robinson (2013) -87.039220 41.644730 NAD83 0.36 -- 0.62 2.56 0.24 
Robinson (2013) -86.591450 41.133650 NAD83 17.79 -- 6.26 9.45 0.67 
Robinson (2013) -86.597110 41.052280 NAD83 2437.19 -- 53.22 40.85 1.31 
Robinson (2013) -87.057860 41.656830 NAD83 15.95 -- 2.83 6.10 0.46 
Robinson (2013) -86.314180 41.117800 NAD83 1647.24 -- 83.38 46.34 1.80 
Robinson (2013) -85.565430 41.457310 NAD83 727.79 -- 24.85 26.86 0.91 
Robinson (2013) -87.048510 41.656370 NAD83 3.73 -- 2.20 4.21 0.52 
Sweet and 
Geratz (2003) -77.9431 35.0936 NAD27 5.96 0.81 1.51 3.54 0.43 
Sweet and 
Geratz (2003) -77.9139 35.0736 NAD27 23.57 1.67 5.54 7.90 0.70 
Sweet and 
Geratz (2003) -77.7944 35.2747 NAD83 149.44 6.83 20.26 14.45 1.40 
Sweet and 
Geratz (2003) -77.8061 35.4889 NAD83 208.24 10.51 25.22 14.27 1.77 
Sweet and 
Geratz (2003) -79.2147 34.9997 NAD83 241.13 4.93 14.83 12.80 1.16 
USEPA (2006) -89.2282 45.2635 WGS84 21.21 --2 3.33 7.47 0.45 
USEPA (2006) -94.4682 33.0683 WGS84 63.47 -- 10.94 10.94 1.00 
USEPA (2006) -93.0212 44.9426 WGS84 25.27 -- 1.12 3.84 0.29 
USEPA (2006) -85.4180 32.5534 WGS84 60.05 -- 8.12 10.83 0.75 
USEPA (2006) -84.2655 43.6330 WGS84 177.23 -- 3.32 10.73 0.31 
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USEPA (2006) -77.7541 35.3854 WGS84 1.43 -- 0.62 1.35 0.46 
USEPA (2006) -92.3526 46.5536 WGS84 18.72 -- 4.41 5.35 0.82 
USEPA (2006) -70.8737 42.1285 WGS84 7.29 -- 2.11 4.58 0.46 
USEPA (2006) -92.9554 45.4221 WGS84 7.30 -- 0.49 2.44 0.2 
USEPA (2006) -88.4474 45.5345 WGS84 691.66 -- 13.79 29.17 0.47 
USEPA (2006) -74.8288 39.7946 WGS84 10.84 -- 2.48 6.98 0.35 
USEPA (2006) -86.1159 43.5262 WGS84 584.92 -- 15.23 20.18 0.75 
USEPA (2006) -85.3016 41.9710 WGS84 28.66 -- 5.45 11.54 0.47 
USEPA (2006) -92.6060 46.3713 WGS84 92.58 -- 6.47 13.95 0.46 
USEPA (2006) -88.7465 44.8667 WGS84 17.06 -- 1.41 4.56 0.31 
USEPA (2006) -86.0645 31.4571 WGS84 61.75 -- 3.87 8.04 0.48 
USEPA (2006) -86.2078 42.3302 WGS84 29.01 -- 1.42 4.58 0.31 
USEPA (2006) -85.9785 43.7708 WGS84 124.99 -- 4.92 12.03 0.41 
USEPA (2006) -89.3084 45.7336 WGS84 37.01 -- 3.54 12.15 0.29 
USEPA (2006) -90.6522 44.5515 WGS84 0.60 -- 1.02 2.75 0.37 
USEPA (2006) -80.9019 33.7564 WGS84 55.19 -- 9.06 9.88 0.92 
USEPA (2006) -76.5953 37.5944 WGS84 1.47 -- 0.44 1.67 0.26 
USEPA (2006) -86.1169 46.2325 WGS84 62.44 -- 3.66 20.45 0.18 
USEPA (2006) -87.3633 30.4890 WGS84 6.75 -- -- -- -- 
USEPA (2006) -90.7257 44.2004 WGS84 1.18 -- 0.33 1.15 0.29 
USEPA (2006) -74.4150 40.1713 WGS84 7.43 -- 1.58 4.46 0.35 
USEPA (2006) -86.8982 46.3137 WGS84 15.80 -- -- 4.92 -- 
USEPA (2006) -88.0533 45.3415 WGS84 48.11 -- 1.92 5.43 0.35 
Yochum (2003) -105.8794 37.4814 NAD27 4,379.69 -- 25.28 29.27 0.86 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Brockman et al. 
(2012) -84.5939 38.0208 NAD27 5.00 1.80 2.06 5.32 0.39 
Brockman et al. 
(2012) -85.6061 38.2758 NAD27 15.54 4.73 6.78 9.51 0.71 
Brockman et al. 
(2012) -85.6258 38.3125 NAD27 15.02 7.70 10.85 13.65 0.80 
Brockman et al. 
(2012) -85.6647 38.2372 NAD27 48.95 14.98 15.96 16.47 0.97 
Brockman et al. 
(2012) -84.6264 38.0431 NAD27 54.91 15.41 11.78 16.53 0.71 
Brockman et al. 
(2012) -84.5881 38.1036 NAD27 77.70 30.59 21.89 21.94 1.00 
Brockman et al. 
(2012) -84.5022 37.9344 NAD27 53.10 12.86 13.81 17.84 0.77 
Brockman et al. 
(2012) -84.5544 38.0667 NAD27 24.79 11.89 9.15 11.61 0.79 
Brockman et al. 
(2012) -85.6411 37.9911 NAD83 31.34 9.71 8.85 12.64 0.70 
Castro (2001) -116.643 44.5794 NAD83 1,566.95 37.58 23.42 21.34 1.10 
Chaplin (2005) -77.5472 40.1278 NAD27 13.70 8.50 6.55 12.62 0.53 
Chaplin (2005) -77.7772 39.5144 NAD83 48.95 3.17 4.20 6.89 0.62 
Doll et al. 
(2003) -76.7461 35.7308 NAD83 59.57 2.41 10.19 11.89 0.85 
Dutnell (2010) -95.9119 34.2714 NAD27 2,815.33 52.56 91.75 29.39 3.12 
Dutnell (2010) -94.7469 36.9344 NAD27 6,500.90 568.11 374.00 85.12 4.39 
Dutnell (2010) -94.5664 37.2456 NAD83 3,014.76 145.06 79.90 49.69 1.61 
Emmert (2001) -98.1917 38.3083 NAD27 1,292.41 30.39 43.96 21.95 2.01 
Emmert (2001) -97.5917 38.1122 NAD27 1,763.79 79.16 98.35 30.18 3.26 
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Keaton et al. 
(2005) -77.7772 39.5144 NAD83 48.95 3.17 3.96 7.68 0.52 
Mulvihill 2007 -74.9150 44.8794 NAD27 113.70 19.20 26.67 16.31 1.49 
Parola et al. 
(2007) -84.5939 38.0208 NAD27 6.55 1.42 1.33 3.99 0.34 
Parola et al. 
(2007) -84.8731 37.7572 NAD27 107.23 27.61 20.82 17.84 1.17 
Parola et al. 
(2007) -84.6264 38.0431 NAD27 62.16 14.16 10.97 16.37 0.67 
Robinson 
(2013) -84.857900 41.062700 NAD83 4.71 -- 2.17 4.60 0.49 
Robinson 
(2013) -85.728840 41.710850 NAD83 300.44 -- 11.88 20.64 0.58 
Robinson 
(2013) -86.171000 39.923370 NAD83 38.07 -- 5.87 14.15 0.43 
Robinson 
(2013) -85.136980 40.728420 NAD83 1310.54 -- 17.13 28.54 0.61 
Robinson 
(2013) -85.120300 40.723480 NAD83 2.82 -- 2.17 4.30 0.52 
Robinson 
(2013) -85.615310 38.799760 NAD83 380.73 -- 45.50 34.45 1.31 
Robinson 
(2013) -85.461950 38.891710 NAD83 76.41 -- 30.92 21.95 1.40 
Robinson 
(2013) -85.509610 38.781120 NAD83 25.82 -- 12.03 16.25 0.73 
Robinson 
(2013) -85.462620 38.899620 NAD83 12.17 -- 10.05 11.28 0.88 
Robinson 
(2013) -85.460370 38.851380 NAD83 27.97 -- 13.09 11.59 1.13 
Sherwood and 
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Huitger (2005) -83.6744 40.3503 NAD27 18.93 7.93 7.86 11.19 0.72 
Sherwood and 
Huitger (2005) -84.4583 40.6653 NAD27 4.92 0.00 2.43 5.21 0.47 
Sherwood and 
Huitger (2005) -83.9325 41.3811 NAD27 46.88 0.00 16.87 13.08 1.30 
Sherwood and 
Huitger (2005) -83.0058 40.8036 NAD27 229.99 45.60 39.46 29.70 1.33 
Sweet and 
Geratz (2003) -77.1958 35.3450 NAD27 471.38 20.90 50.62 27.23 1.86 
USEPA (2006) -91.3364 34.1057 WGS84 7.83 --2 6.77 11.34 0.60 
USEPA (2006) -99.1638 40.5968 WGS84 166.95 -- 2.27 8.32 0.27 
USEPA (2006) -83.0955 41.1235 WGS84 6.47 -- 1.01 2.53 0.40 
USEPA (2006) -91.0722 35.0123 WGS84 16.17 -- 3.36 6.40 0.53 
USEPA (2006) -84.8040 41.2451 WGS84 3.26 -- 5.30 6.01 0.88 
USEPA (2006) -91.9958 32.6610 WGS84 10.42 -- 3.92 8.71 0.45 
USEPA (2006) -84.9884 40.7609 WGS84 3.44 -- 1.49 2.45 0.61 
USEPA (2006) -90.7812 33.2339 WGS84 1,461.57 -- 20.32 21.92 0.93 
USEPA (2006) -91.6723 32.1555 WGS84 2.93 -- 2.23 5.21 0.43 
USEPA (2006) -91.8122 35.0086 WGS84 18.48 -- 3.39 5.86 0.58 
USEPA (2006) -121.4460 38.6755 WGS84 5,883.63 -- 12.88 12.88 1.00 
USEPA (2006) -91.9229 42.7025 WGS84 32.99 -- 1.65 4.17 0.40 
USEPA (2006) -92.3796 42.9933 WGS84 421.3 -- 12.64 18.54 0.68 
USEPA (2006) -90.4410 41.7723 WGS84 233.08 -- 9.84 17.25 0.57 
USEPA (2006) -93.3008 43.1354 WGS84 138.71 -- 1.63 8.27 0.20 
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USEPA (2006) -89.5978 37.19054 WGS84 11.84 -- 11.55 7.30 1.58 
USEPA (2006) -88.2782 42.9885 WGS84 44.41 -- 2.86 6.99 0.41 
USEPA (2006) -90.4500 36.11032 WGS84 50.05 -- 6.32 8.05 0.79 
USEPA (2006) -83.8121 40.9430 WGS84 74.18 -- 4.70 10.00 0.47 
USEPA (2006) -88.1872 44.0962 WGS84 53.05 -- 1.88 9.00 0.21 
USEPA (2006) -90.3149 35.3701 WGS84 2.37 -- 2.60 7.35 0.35 
USEPA (2006) -91.6402 33.8467 WGS84 1,084.21 -- 30.68 30.13 1.02 
USEPA (2006) -121.6350 39.7164 WGS84 8.481 -- 1.23 3.21 0.38 
USEPA (2006) -102.817 43.28704 WGS84 5,745.41 -- 13.27 9.42 1.41 
USEPA (2006) -92.8570 35.9714 WGS84 1,914.3 -- 16.63 27.30 0.61 
USEPA (2006) -75.6758 39.3587 WGS84 3.14 -- 0.43 3.33 0.13 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Chaplin (2005) -77.2372 39.6122 NAD83 264.18 86.66 57.25 30.79 1.87 
Cinotto (2003) -77.2372 39.6122 NAD83 264.18 86.66 57.25 30.79 1.87 
Doll et al. 
(2003) -77.4625 35.7758 NAD27 202.28 13.37 22.58 11.89 1.89 
Doll et al. 
(2003) -76.9994 36.2803 NAD83 163.95 6.94 20.29 16.40 1.25 
Dutnell (2010) -96.9317 35.1725 NAD27 1,181.04 93.54 27.18 24.06 1.13 
Krstolic and 
Chaplin (2007) -76.8272 38.0397 NAD27 118.10 3.10 9.01 9.54 0.95 
Lotspeich 
(2009) -77.4339 38.4903 NAD27 90.65 37.10 18.22 18.23 1.04 
McCandless 
(2003b) -77.0558 38.5961 NAD83 141.93 15.29 11.06 11.28 0.98 
McCandless 
(2003b) -76.1086 38.9647 NAD83 20.98 2.21 4.78 5.30 0.90 
McCandless 
(2003b) -76.7250 38.3331 NAD83 47.92 7.74 8.55 9.18 0.93 
McCandless 
(2003b) -76.5036 38.2417 NAD83 62.16 13.17 11.29 11.83 0.95 
McCandless 
(2003b) -76.1086 38.9647 NAD83 20.98 2.21 4.77 5.30 0.91 
McCandless 
(2003b) -76.7250 38.3331 NAD83 47.92 7.74 8.56 9.18 0.95 
McCandless 
(2003b) -76.5036 38.2417 NAD83 62.16 13.17 11.28 11.83 0.95 
McCandless 
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-77.2211 39.6606 NAD83 81.07 39.34 23.13 20.06 1.16 
Metcalf et al. 
(2009) -87.5400 30.8892 NAD27 126.91 9.97 16.75 11.71 1.43 
Mulvihill 2005 -78.1628 42.9425 NAD27 2.64 0.00 1.69 11.16 0.15 
Mulvihill 2006 -77.0150 43.0058 NAD27 7.61 2.24 2.48 4.54 0.55 
Mulvihill 2006 -77.7425 43.2536 NAD27 26.16 12.40 8.49 11.95 0.70 
Mulvihill 2006 -77.7917 43.0100 NAD27 518.00 65.42 43.22 52.44 0.82 
Mulvihill 2007 -74.2892 40.8197 NAD83 1.09 2.04 2.48 4.54 0.55 
Padmanabhan 
(2010) -95.9119 47.0214 NAD27 197.88 5.06 6.27 7.04 0.88 
Padmanabhan 
(2010) -96.3292 46.8500 NAD27 841.75 10.08 11.96 12.96 0.91 
Padmanabhan 
(2010) -96.8161 48.3403 NAD27 870.24 13.58 21.56 20.82 1.04 
Padmanabhan 
(2010) -97.5736 46.6217 NAD27 2,061.64 14.62 9.04 14.39 0.64 
Padmanabhan 
(2010) -96.3983 46.6597 NAD27 197.62 2.83 5.05 7.90 0.64 
Rachol & 
Morse (2009) -85.131660 42.396428 NAD84 18.65 -- 6.19 16.92 0.37 
Rachol & 
Morse (2009) -85.236393 42.615869 NAD84 148.65 -- 76.59 56.98 1.34 
Rachol & 
Morse (2009) -83.350781 43.159471 NAD84 85.33 -- 18.23 23.38 0.78 
Robinson (2013) -86.305130 41.353500 NAD84 7.10 -- 9.59 11.43 0.85 
Robinson (2013) -84.868850 41.532680 NAD84 17.41 -- 10.61 10.64 1.01 





Table B.4 (cont’d). 















Robinson (2013) -85.619000 40.105140 NAD84 0.68 -- 2.46 5.91 0.43 
Robinson (2013) -85.388410 39.951380 NAD84 0.02 -- 0.72 2.38 0.30 
Sherwood and 
Huitger (2005) -83.8911 40.3472 NAD27 94.02 15.35 15.31 19.18 0.81 
Sherwood and 
Huitger (2005) -82.5139 41.3483 NAD27 57.24 17.84 19.08 13.93 1.37 
Sweet and 
Geratz (2003) -76.9994 36.2803 NAD83 163.95 4.70 17.43 14.30 1.22 
USEPA (2006) -76.6974 38.4405 WGS84 4.02 --2 34.41 1.09 0.08 
USEPA (2006) -92.6105 32.9903 WGS84 0.92 -- 15.68 1.06 0.28 
USEPA (2006) -75.2839 40.2207 WGS84 6.85 -- 31.36 1.30 0.10 
USEPA (2006) -87.0788 33.5511 WGS84 38.06 -- 38.82 5.50 0.17 
USEPA (2006) -94.2473 31.9742 WGS84 7.43 -- 51.27 1.73 0.22 
USEPA (2006) -93.1164 30.4774 WGS84 344.63 -- 28.26 1.86 0.11 
USEPA (2006) -99.0615 47.6685 WGS84 1,875.71 -- 22.09 13.38 0.16 
USEPA (2006) -94.9858 42.4106 WGS84 942.91 -- 21.14 23.87 0.89 
USEPA (2006) -87.1455 33.3580 WGS84 18.74 -- 4.70 8.97 0.52 
USEPA (2006) -89.9883 44.5304 WGS84 44.17 -- 3.94 8.67 0.45 
USEPA (2006) -93.3883 31.7518 WGS84 1.94 -- 1.39 3.62 0.38 
USEPA (2006) -96.2244 29.0430 WGS84 21.22 -- 3.35 8.36 0.40 
USEPA (2006) -94.9630 32.0555 WGS84 107.42 -- 3.56 8.44 0.42 
USEPA (2006) -93.3355 30.5544 WGS84 11.19 -- 50.00 1.26 0.16 
USEPA (2006) -95.4259 32.7635 WGS84 21.87 -- 40.41 1.19 0.10 
USEPA (2006) -88.4449 43.4606 WGS84 17.09 -- 51.14 0.63 0.06 
USEPA (2006) -93.1876 31.1625 WGS84 7.43 -- 49.10 1.06 0.12 
USEPA (2006) -83.4059 43.1822 WGS84 17.73 -- 51.14 0.58 0.08 
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USEPA (2006) -85.1212 42.4372 WGS84 71.55 -- 28.86 2.56 0.08 
USEPA (2006) -94.9337 32.9358 WGS84 11.86 -- 30.77 0.87 0.12 
USEPA (2006) -76.9814 38.8279 WGS84 4.99 -- 18.18 10.15 0.16 
USEPA (2006) -94.5869 31.9564 WGS84 24.04 -- 57.71 0.90 0.07 
USEPA (2006) -84.1791 36.8251 WGS84 1.80 -- 40.45 1.39 0.09 
USEPA (2006) -87.7379 34.0917 WGS84 0.98 -- 38.09 0.98 0.13 
USEPA (2006) -96.1862 29.4265 WGS84 31.08 -- 31.32 3.41 0.05 
USEPA (2006) -89.7482 31.8850 WGS84 7.43 -- 51.18 0.94 0.20 
USEPA (2006) -87.3688 30.7963 WGS84 24.60 -- 62.36 1.08 0.05 
USEPA (2006) -93.7376 30.8314 WGS84 53.84 -- 43.86 1.16 0.06 
USEPA (2006) -77.7728 36.5961 WGS84 67.84 -- 61.50 0.91 0.14 
USEPA (2006) -83.8729 44.2190 WGS84 33.29 -- 2.86 5.16 0.55 
USEPA (2006) -95.2019 30.6853 WGS84 10.86 -- 19.74 10.39 1.90 
USEPA (2006) -93.6595 46.0647 WGS84 31.97 -- 2.29 5.25 0.44 
USEPA (2006) -95.4342 31.3958 WGS84 1.63 -- 2.66 3.51 0.76 
USEPA (2006) -90.6898 30.9516 WGS84 187.72 -- 4.62 8.01 0.58 
USEPA (2006) -88.6880 32.0233 WGS84 0.52 -- 1.59 3.02 0.53 
USEPA (2006) -92.3802 34.4272 WGS84 3.39 -- 3.14 4.68 0.67 
USEPA (2006) -83.2004 43.2078 WGS84 32.50 -- 2.77 5.77 0.48 
USEPA (2006) -93.9598 31.4821 WGS84 15.29 -- 38.90 1.11 0.13 
USEPA (2006) -94.7002 30.8311 WGS84 14.68 -- 66.75 0.60 0.09 
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USEPA (2006) -89.0091 31.7385 WGS84 99.60 -- 5.61 7.17 0.78 
USEPA (2006) -92.8089 31.1522 WGS84 110.38 -- 40.55 1.67 0.06 
USEPA (2006) -89.5402 30.4118 WGS84 343.96 -- 33.36 6.01 0.41 
USEPA (2006) -76.8194 38.6395 WGS84 3.08 -- 9.82 1.17 0.05 
USEPA (2006) -90.8495 31.3509 WGS84 11.50 -- 38.09 0.55 0.07 
USEPA (2006) -89.6655 33.3343 WGS84 18.56 -- 37.86 1.16 0.13 
USEPA (2006) -94.3392 42.5374 WGS84 651.31 -- 24.79 25.30 0.98 
USEPA (2006) -87.4073 45.6992 WGS84 430.73 -- 5.37 24.62 0.22 
White (2001) -77.2372 39.6122 NAD83 39.38 -- 57.25 30.79 1.87 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 





Table B.5: HRL 5 Dataset. 















Castro (2001) -116.7722 44.2700 NAD83 3,781.40 113.74 69.52 67.07 1.04 
Dutnell (2010) -98.5939 35.2906 NAD27 341.88 42.31 42.84 20.52 2.09 
Dutnell (2010) -99.5069 35.1681 NAD27 5,019.42 81.62 66.05 63.73 1.04 
Dutnell (2010) -99.1033 34.6381 NAD27 9,958.55 165.51 99.51 52.65 1.89 
Dutnell (2010) -99.5083 34.8583 NAD27 3,514.63 77.00 49.80 69.52 0.72 
Dutnell (2010) -99.3819 34.4789 NAD27 4,322.71 133.56 88.45 58.26 1.52 
Emmert (2001) -98.1942 37.8236 NAD27 120.69 5.42 9.09 27.13 0.34 
Emmert (2001) -98.1961 37.8428 NAD27 502.46 14.14 16.13 33.84 0.49 
Emmert (2001) -97.8528 37.5617 NAD27 1,406.37 35.32 45.59 71.04 0.67 
Emmert (2001) -98.7206 37.6378 NAD27 303.03 12.40 11.78 13.11 0.88 
Padmanabhan 
(2010) -95.9217 48.9103 NAD27 1098.16 30.47 40.15 21.74 1.86 
Padmanabhan 
(2010) -95.9217 48.9103 NAD27 2,823.10 34.64 53.27 25.49 2.10 
Padmanabhan 
(2010) -96.4628 48.9817 NAD27 3,677.80 35.00 50.68 26.71 1.89 
Padmanabhan 
(2010) -97.5111 46.0222 NAD27 647.50 0.72 5.48 14.63 0.37 
Padmanabhan 
(2010) -96.2444 47.2667 NAD27 2,419.06 23.42 25.09 22.77 1.10 
USEPA (2006) -96.1661 31.8986 WGS84 713.33 --2 9.73 11.89 0.82 
USEPA (2006) -98.3650 37.4770 WGS84 141.09 -- 1.69 6.75 0.25 
USEPA (2006) -95.9168 30.1322 WGS84 26.80 -- 4.32 7.01 0.62 
USEPA (2006) -97.5696 28.3657 WGS84 632.40 -- 2.66 9.44 0.28 
USEPA (2006) -118.9936 36.0541 WGS84 1,021.17 -- 3.59 18.78 0.19 





Table B.5: (cont’d). 















USEPA (2006) -100.3227 46.2700 WGS84 2,158.84 -- 11.06 9.97 1.11 
USEPA (2006) -102.4720 46.4021 WGS84 108.37 -- 2.64 5.27 0.50 
USEPA (2006) -101.0163 45.5712 WGS84 280.70 -- 10.98 7.90 1.39 
USEPA (2006) -103.3443 45.3370 WGS84 200.90 -- 0.80 1.81 0.44 
USEPA (2006) -110.8884 39.1403 WGS84 2,413.24 -- 17.31 16.27 1.06 
USEPA (2006) -112.1531 41.2743 WGS84 10.40 -- 3.32 18.45 0.18 
USEPA (2006) -108.8217 43.0081 WGS84 119.63 -- 1.56 3.72 0.42 
Yochum (2003) -106.2589 37.4903 NAD27 85.21 -- 2.78 5.34 0.32 
Yochum (2003) -105.8775 37.1769 NAD27 963.74 -- 12.92 16.16 0.80 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 





Table B.6: HLR 6 Dataset. 















Brockman et al. 
(2012) -84.5433 38.3894  111.11 33.42 32.16 26.19 1.23 
Doll et al. 
(2002) -80.9453 35.6806  18.60 7.00 9.20 10.00 0.90 
Doll et al. 
(2002) -80.4400 35.8547  2.70 2.00 1.50 4.00 0.40 
Dutnell (2010) -96.5486 34.2506  525.77 72.76 108.01 45.84 2.36 
Dutnell (2010) -95.9139 36.1944  19.50 30.59 16.58 12.86 1.29 
Dutnell (2010) -95.8606 36.0175  14.12 28.63 27.08 13.28 2.04 
Dutnell (2010) -95.4275 37.9222  9,888.62 244.44 170.13 64.23 2.65 
Dutnell (2010) -98.9983 34.6378  562.03 20.84 15.59 9.73 1.60 
Dutnell (2010) -98.6478 36.8150  2,613.31 76.04 75.22 36.67 2.05 
Dutnell (2010) -97.8000 36.3761  182.08 96.91 63.78 32.84 1.94 
Emmert (2001) -97.6017 37.1289  2,056.46 76.10 67.72 43.60 1.55 
Emmert (2001) -97.4236 37.4569  4,623.15 169.13 151.21 62.20 2.44 
Emmert (2001) -97.4033 37.2494  398.86 19.41 25.61 16.16 1.59 
Harman et al. 
(1999) -80.9453 35.6806  18.60 7.18 9.18 9.76 0.95 
Harman et al. 
(1999) -80.4400 35.8547  2.72 2.35 1.47 3.66 0.40 
Lotspeich 
(2009) -77.9731 37.8261  1.40 0.34 0.30 1.97 0.15 
Lotspeich 
(2009) -78.4867 37.2569  180.26 32.85 13.66 13.81 1.01 
Lotspeich 
(2009) -77.8792 38.0647  14.45 4.84 5.08 15.34 0.34 





Table B.6 (cont’d). 
















(2010) -96.6611 46.9611  2,525.25 22.88 59.68 23.23 2.56 
Padmanabhan 
(2010) -97.7303 48.1972  1,437.45 24.72 36.97 25.40 1.46 
Padmanabhan 
(2010) -98.6600 48.3367  730.38 2.14 9.77 11.89 0.82 
Padmanabhan 
(2010) -95.7422 48.7947  660.45 9.62 10.67 7.87 1.34 
Padmanabhan 
(2010) -97.2139 47.0167  300.44 4.98 4.32 7.38 0.58 
Padmanabhan 
(2010) -96.8144 47.6119  1,087.80 19.58 22.18 14.05 1.59 
Padmanabhan 
(2010) -98.0272 47.4328  3,289.30 20.05 16.74 19.63 0.85 
Parola et al. 
(2007) -85.1458 37.7042  222.48 84.96 78.90 26.74 2.95 
Parola et al. 
(2007) -84.5433 38.3894  111.11 48.15 36.62 21.31 1.72 
Parola et al. 
(2007) -83.6514 38.1567  6.29 1.56 2.18 5.09 0.43 
Rachol & 
Morse (2009) -82.769091 42.900862  391.09 -- 29.95 22.87 1.31 
Rachol & 
Morse (2009) -82.734649 43.054471  437.71 -- 33.17 21.34 1.55 
Robinson 
(2013) -87.328870 40.400590  497.28 -- 28.66 38.41 0.73 
Robinson 
(2013) -87.171460 40.800810  76.15 -- 14.60 14.48 1.01 
Robinson 
(2013) -86.833980 39.391950  1.30 -- 4.51 7.93 0.58 
Robinson 
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Robinson (2013) -85.662580 40.586180  1766.38 -- 29.32 46.74 0.64 
Robinson (2013) -85.508830 40.743120  1152.55 -- 56.93 43.14 1.31 
Robinson (2013) -85.506590 40.740010  17.85 -- 5.21 12.80 0.40 
Sherwood and 
Huitger (2005) -84.0797 39.5189  2.62 7.93 3.49 6.34 0.55 
Sherwood and 
Huitger (2005) -84.4297 41.5044  1,061.90 54.66 91.25 37.01 2.46 
Sherwood and 
Huitger (2005) -84.6911 41.3617  10.96 7.08 7.89 8.90 0.89 
Sherwood and 
Huitger (2005) -82.6256 41.0672  12.85 0.00 7.07 10.24 0.69 
Sherwood and 
Huitger, (2005) -81.1472 40.9306  45.07 21.95 13.78 12.80 1.07 
Sherwood and 
Huitger, (2005) -80.9686 41.0003  49.47 14.16 10.99 11.37 0.98 
Sherwood and 
Huitger, (2005) -80.9544 41.2611  252.78 34.55 44.18 33.32 1.39 
Sherwood and 
Huitger, (2005) -82.5733 40.3714  1.30 0.00 1.56 4.66 0.33 
Sherwood and 
Huitger, (2005) -82.6819 39.9689  2.85 1.47 1.76 4.51 0.39 
Sherwood and 
Huitger, (2005) -81.5556 39.6569  22.17 0.00 11.06 12.77 0.87 
Tetra Tech 
(2004) -95.8353 37.8464  17.61 20.02 12.67 14.63 0.88 
USEPA (2006) -94.7355 42.8688  135.87 --2 4.31 8.03 0.54 
USEPA (2006) -67.8623 45.8845  4.48 -- 1.89 7.57 0.25 
USEPA (2006) -94.0253 33.6928  6.17 -- 2.86 5.27 0.54 
USEPA (2006) -89.9843 38.9646  23.88 -- 6.46 9.74 0.66 
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USEPA (2006) -88.5048 39.1942  23.67 -- 2.80 8.85 0.32 
USEPA (2006) -91.9452 46.6758  17.24 -- 4.70 7.95 0.59 
USEPA (2006) -87.1478 39.3274  2,280.99 -- 44.03 36.97 1.19 
USEPA (2006) -89.3977 38.8532  39.38 -- 5.46 9.38 0.58 
USEPA (2006) -87.6018 40.1161  65.58 -- 8.23 13.72 0.60 
USEPA (2006) -97.1636 38.0120  29.10 -- 1.66 5.47 0.30 
USEPA (2006) -90.7088 45.5254  15.13 -- 3.36 6.85 0.49 
USEPA (2006) -83.8443 39.0042  189.45 -- 28.86 22.52 1.28 
USEPA (2006) -91.8977 30.0666  0.25 -- 1.55 3.79 0.41 
USEPA (2006) -90.3783 41.4079  17.48 -- 1.31 5.60 0.23 
USEPA (2006) -94.6712 44.9660  69.37 -- 1.52 6.21 0.25 
USEPA (2006) -92.4070 30.1262  16.30 -- 3.38 9.07 0.37 
USEPA (2006) -78.5120 43.1231  25.80 -- 4.06 10.64 0.38 
USEPA (2006) -87.4286 36.8510  7.19 -- 5.00 5.67 0.88 
USEPA (2006) -88.7449 41.8638  2.98 -- 0.29 3.16 0.09 
USEPA (2006) -97.9460 39.7295  167.97 -- 7.53 12.55 0.60 
USEPA (2006) -97.6705 34.0856  313.96 -- 7.59 10.05 0.75 
USEPA (2006) -98.5333 29.5273  37.58 -- 11.65 13.35 0.87 
USEPA (2006) -88.6260 42.4365  1.91 -- 0.80 3.39 0.23 
USEPA (2006) -94.9585 36.8550  13.24 -- 2.68 6.15 0.44 
USEPA (2006) -89.4790 33.8577  13.47 -- 5.50 6.37 0.86 
USEPA (2006) -95.4131 43.6982  260.23 -- 7.88 11.56 0.68 
USEPA (2006) -90.8060 30.5821  22.80 -- 3.57 5.95 0.60 
USEPA (2006) -95.4254 29.4692  28.43 -- 3.52 9.21 0.38 
USEPA (2006) -90.5687 39.1978  12.13 -- 1.34 3.97 0.34 
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USEPA (2006) -92.5337 30.5437  8.00 -- 2.44 6.03 0.40 
USEPA (2006) -87.8095 42.1035  45.82 -- 4.08 20.75 0.20 
USEPA (2006) -93.2445 30.3437  56.18 -- 4.33 10.84 0.40 
USEPA (2006) -88.6019 44.1166  22.90 -- 1.30 3.67 0.35 
USEPA (2006) -89.2327 39.1380  52.00 -- 7.52 12.73 0.59 
USEPA (2006) -82.1737 39.3858  20.19 -- 6.88 8.51 0.81 
USEPA (2006) -92.0764 30.3653  72.81 -- 7.86 7.09 1.11 
USEPA (2006) -90.5252 39.6754  49.21 -- 7.12 11.35 0.63 
USEPA (2006) -90.6353 45.5715  3.60 -- 1.84 4.70 0.39 
USEPA (2006) -88.6365 44.1796  32.74 -- 6.24 8.91 0.70 
USEPA (2006) -84.7259 41.7364  116.74 -- 8.75 10.82 0.81 
USEPA (2006) -94.3646 29.8876  12.40 -- 2.93 7.33 0.40 
USEPA (2006) -89.1860 41.9792  19.77 -- 2.69 6.89 0.39 
USEPA (2006) -94.0411 44.8002  1,107.48 -- 18.59 21.30 0.87 
USEPA (2006) -88.6676 39.7385  96.82 -- 4.48 9.47 0.47 
USEPA (2006) -96.7206 34.2482  82.39 -- 6.60 13.20 0.50 
USEPA (2006) -98.8757 34.9999  15.75 -- 2.07 3.73 0.55 
USEPA (2006) -92.3587 31.1051  25.09 -- 1.60 5.34 0.30 
USEPA (2006) -95.8307 30.9592  37.97 -- 2.02 4.73 0.43 
USEPA (2006) -96.9191 33.0254  37.02 -- 4.22 6.02 0.70 
USEPA (2006) -77.6398 38.2033  132.38 -- 8.99 13.01 0.69 
USEPA (2006) -96.8763 47.4598  3,171.13 -- 28.01 15.81 1.77 
USEPA (2006) -97.4866 48.2144  1,204.40 -- 11.91 12.13 0.98 
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USEPA (2006) -97.3829 47.6136  182.80 -- 6.28 9.21 0.68 
USEPA (2006) -97.8219 48.9331  3,508.31 -- 42.30 28.03 1.51 
USEPA (2006) -97.5628 48.1866  1,182.35 -- 8.76 11.89 0.74 
USEPA (2006) -99.5931 47.6942  1,225.52 -- 6.03 18.43 0.33 
USEPA (2006) -100.9205 48.0634  8,235.42 -- 20.77 17.57 1.18 
USEPA (2006) -97.5404 47.5089  454.83 -- 9.25 9.01 1.03 
USEPA (2006) -103.3552 46.1023  227.43 -- 10.48 8.06 1.30 
USEPA (2006) -97.1852 47.4421  3,061.13 -- 16.99 12.63 1.35 
USEPA (2006) -98.8775 43.4135  1,693.38 -- 9.54 13.12 0.73 
USEPA (2006) -102.3497 45.4256  54.86 -- 8.31 8.31 1.00 
USEPA (2006) -100.2140 45.8553  5,210.48 -- 14.78 12.02 1.23 
USEPA (2006) -100.3345 44.8980  538.51 -- 14.29 15.48 0.92 
USEPA (2006) -97.0092 43.1389  438.43 -- 22.94 15.09 1.52 
USEPA (2006) -96.5114 43.8528  515.58 -- 4.67 10.93 0.43 
USEPA (2006) -97.4584 43.0194  285.62 -- 7.94 23.60 0.34 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 





Table B.7: HLR 7 Dataset. 















Chaplin (2005) -76.9553 39.4517 NAD83 72.52 27.47 17.57 20.79 0.84 
Chaplin (2005) -75.4086 39.8689 NAD27 158.25 50.18 28.16 21.22 1.33 
Chaplin (2005) -75.4369 39.9764 NAD27 40.92 17.02 14.96 17.53 0.85 
Cinotto (2003) -76.9553 39.4517 NAD83 72.52 27.47 17.57 20.79 0.84 
Cinotto (2003) -75.4369 39.9764 NAD27 40.92 17.02 14.96 17.53 0.85 
Cinotto (2003) -75.4086 39.8689 NAD27 158.25 50.18 28.16 21.22 1.33 
Doheny and 
Fisher (2007) -76.7833 39.4428 NAD83 10.96 0.13 0.56 3.23 0.17 
Doheny and 
Fisher (2007) -76.8167 39.4717 NAD83 0.83 0.01 0.07 0.67 0.10 
Doheny and 
Fisher (2007) -76.7331 39.3458 NAD83 84.18 1.13 4.54 12.80 0.35 
Doheny and 
Fisher (2007) -76.6483 39.2714 NAD83 170.68 2.43 6.86 16.62 0.41 
Doll et al. 
(2002) -78.6547 35.7875 NAD83 0.70 3.00 2.20 5.00 0.50 
Doll et al. 
(2002) -80.8531 35.1644 NAD83 6.80 21.00 11.30 11.00 1.00 
Doll et al. 
(2002) -80.9097 35.3286 NAD83 42.50 29.00 26.50 16.00 1.70 
Doll et al. 
(2002) -80.9044 35.1978 NAD83 79.50 69.00 54.00 22.01 2.40 
Doll et al. 
(2002) -80.7675 35.1378 NAD83 102.60 74.00 55.40 23.01 2.40 
Doll et al. 
(2002) -80.8578 35.1481 NAD83 110.30 124.00 72.70 29.01 2.50 
Doll et al. 
(2002) -79.4017 35.6597 NAD83 40.10 19.00 18.00 12.00 1.50 
Doll et al. 
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Doll et al. 
(2002) -80.8072 36.3114 NAD83 204.10 76.00 35.00 23.01 1.50 
Doll et al. 
(2002) -80.6858 36.3411 NAD83 331.50 104.00 53.70 31.01 1.70 
Doll et al. 
(2002) -80.3233 35.7578 NAD27 24.90 14.00 8.30 8.00 1.10 
Doll et al. 
(2002) -79.3847 36.4703 NAD27 77.40 20.00 15.10 10.00 1.50 
Dutnell (2010) -95.6111 36.2786 NAD27 193.99 21.10 36.16 17.75 2.04 
Dutnell (2010) -96.5122 34.9653 NAD27 2,289.56 135.51 107.90 41.74 2.59 
Harman et al. 
(1999) -79.4017 35.6597 NAD83 40.15 18.56 18.03 12.35 1.46 
Harman et al. 
(1999) -80.4147 36.2992 NAD83 110.85 63.32 43.59 23.63 1.86 
Harman et al. 
(1999) -80.8072 36.3114 NAD83 204.09 75.93 35.04 23.48 1.49 
Harman et al. 
(1999) -80.6858 36.3411 NAD83 331.52 104.42 53.72 30.79 1.74 
Harman et al. 
(1999) -80.3233 35.7578 NAD27 24.86 14.36 8.33 7.74 1.07 
Harman et al. 
(1999) -79.3847 36.4703 NAD27 77.44 20.07 15.06 10.06 1.49 
Lotspeich 
(2009) -78.1739 37.0344 NAD27 0.96 0.96 0.95 2.93 0.34 
Lotspeich 
(2009) -77.8200 37.5978 NAD27 58.02 24.16 10.69 13.87 0.76 
Lotspeich 
(2009) -78.5931 38.1025 NAD27 246.83 117.53 57.34 27.96 2.04 
Lotspeich 
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(2009) -78.6678 37.4358 NAD27 3.50 0.88 0.84 2.86 0.30 
Lotspeich 
(2009) -78.4222 37.0514 NAD27 23.47 8.58 5.63 8.90 0.64 
Lotspeich 
(2009) -77.5722 37.8111 NAD27 0.85 0.57 0.53 2.76 0.18 
Lotspeich 
(2009) -77.4250 38.5394 NAD27 6.37 7.70 3.31 6.37 0.55 
Lotspeich 
(2009) -77.4289 38.5872 NAD27 19.74 5.81 5.24 8.66 0.61 
Lotspeich 
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-75.9444 39.6272 NAD27 62.94 37.84 18.36 17.68 1.04 
Mistak (2008) -88.3158 45.9608 NAD27 899.82 38.23 32.52 33.90 0.98 
Mistak (2008) -88.6272 46.0586 NAD27 238.54 6.43 14.14 14.88 0.95 
Mistak (2008) -87.9717 45.9308 NAD27 43.51 1.36 8.15 14.21 0.58 
Mistak (2008) -87.7542 45.9083 NAD27 613.83 25.21 38.07 32.65 1.16 
Mulvihill 2007 -73.7444 42.3306 NAD27 852.11 159.73 74.95 42.56 1.77 
Pruitt (2001) -82.9439 34.1811 NAD27 186.48 29.40 35.12 25.28 1.35 
Pruitt (2001) -83.4881 34.3375 NAD27 157.73 14.40 21.35 18.44 1.18 
Pruitt (2001) -83.3219 34.5136 NAD27 47.40 12.50 22.77 24.02 0.84 
Pruitt (2001) -83.2956 33.7211 NAD27 2,434.60 246.66 176.13 66.29 3.15 
Pruitt (2001) -82.7778 33.2967 NAD27 626.78 117.50 93.38 40.85 2.04 
Pruitt (2001) -82.9061 33.5167 NAD27 83.66 22.90 21.22 17.99 1.28 
Robinson 
(2013) -86.310560 39.873280 NAD84 1.61 -- 3.94 7.32 0.55 
Robinson 
(2013) -86.315640 39.854450 NAD84 2.12 -- 2.08 5.79 0.37 
Robinson 
(2013) -86.193080 39.633400 NAD84 52.84 -- 13.29 16.62 0.79 
Robinson 
(2013) -85.998060 40.174550 NAD84 339.29 -- 46.32 27.74 1.65 
Robinson 
(2013) -86.397730 39.849920 NAD84 83.40 -- 20.85 16.07 1.31 
Robinson 
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(2013) -86.845500 40.507020 NAD84 132.87 -- 34.54 22.56 1.52 
Robinson 
(2013) -86.515340 39.763300 NAD84 74.33 -- 20.75 14.76 1.40 
Robinson 
(2013) -86.416790 39.759910 NAD84 196.58 -- 39.69 24.24 1.65 
Robinson 
(2013) -86.888030 40.030010 NAD84 8.08 -- 2.91 5.79 0.49 
Robinson 
(2013) -86.049850 39.478310 NAD84 42.48 -- 4.93 8.78 0.55 
Rachol (2009) -88.3158 45.9608 NAD27 947.94 34.44 32.52 33.90 0.96 
Rachol (2009) -88.6272 46.0586 NAD27 238.54 16.28 14.14 14.88 0.95 
Rachol (2009) -87.7542 45.9083 NAD27 613.83 21.52 30.99 29.42 1.05 
Tetra Tech 
(2004) -94.7964 37.7906 NAD27 7.25 14.52 11.59 10.98 1.04 
USEPA (2006) -94.0897 41.9509 WGS84 38.79 --2 4.73 6.66 0.71 
USEPA (2006) -94.2626 40.6666 WGS84 22.61 -- 1.80 4.45 0.40 
USEPA (2006) -93.7973 43.4335 WGS84 38.77 -- 2.62 4.62 0.57 
USEPA (2006) -93.8370 42.8268 WGS84 145.91 -- 7.51 9.26 0.81 
USEPA (2006) -68.8517 45.2980 WGS84 87.90 -- 7.98 19.95 0.40 
USEPA (2006) -68.9975 44.9603 WGS84 245.13 -- 7.65 18.28 0.42 
USEPA (2006) -68.0977 45.4534 WGS84 18.48 -- 2.72 9.06 0.30 
USEPA (2006) -68.3924 44.7749 WGS84 28.58 -- 3.02 10.38 0.29 
USEPA (2006) -70.9967 43.3365 WGS84 225.55 -- 9.86 15.28 0.65 
USEPA (2006) -70.5568 43.4398 WGS84 69.26 -- 8.41 8.41 1.00 
USEPA (2006) -71.3463 42.8474 WGS84 78.70 -- 5.24 10.48 0.50 
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USEPA (2006) -72.8683 41.6369 WGS84 10.21 -- 4.39 9.30 0.47 
USEPA (2006) -71.1295 41.5589 WGS84 29.02 -- 2.51 6.43 0.39 
USEPA (2006) -91.1063 44.6532 WGS84 17.63 -- 2.55 5.10 0.50 
USEPA (2006) -83.6229 33.5497 WGS84 7.18 -- 1.33 3.84 0.35 
USEPA (2006) -94.5311 44.6258 WGS84 16.31 -- 0.61 2.31 0.26 
USEPA (2006) -89.9049 43.5621 WGS84 6.60 -- 1.65 2.35 0.70 
USEPA (2006) -92.7440 39.7185 WGS84 43.68 -- 16.87 12.21 1.38 
USEPA (2006) -83.7031 34.5499 WGS84 14.55 -- 0.52 7.40 0.07 
USEPA (2006) -85.8011 41.0937 WGS84 3.81 -- 1.23 2.81 0.44 
USEPA (2006) -91.0055 47.6989 WGS84 42.02 -- 0.62 4.55 0.14 
USEPA (2006) -77.0818 39.3657 WGS84 19.04 -- 2.98 8.42 0.35 
USEPA (2006) -80.3601 35.8760 WGS84 5.38 -- 1.03 3.37 0.31 
USEPA (2006) -92.7743 39.8855 WGS84 23.87 -- 12.22 8.85 1.38 
USEPA (2006) -86.4441 40.4430 WGS84 56.43 -- 4.90 10.99 0.45 
USEPA (2006) -84.8443 40.0758 WGS84 16.49 -- 4.75 4.93 0.96 
USEPA (2006) -92.0612 44.9640 WGS84 34.11 -- 2.35 4.79 0.49 
USEPA (2006) -91.2324 45.6644 WGS84 105.59 -- 12.14 17.57 0.69 
USEPA (2006) -95.1653 35.6900 WGS84 2.64 -- 0.88 2.19 0.40 
USEPA (2006) -73.8301 42.0591 WGS84 0.61 -- 0.80 3.79 0.21 
USEPA (2006) -84.5934 33.0661 WGS84 238.78 -- 12.28 16.67 0.74 
USEPA (2006) -93.6141 38.4803 WGS84 74.91 -- 20.03 14.22 1.41 
USEPA (2006) -95.9296 33.7462 WGS84 28.13 -- 2.03 6.39 0.32 
USEPA (2006) -95.3629 36.3093 WGS84 60.64 -- 8.37 10.49 0.80 
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USEPA (2006) -83.1641 33.4215 WGS84 8.62 -- 2.13 6.71 0.32 
USEPA (2006) -84.6862 34.2460 WGS84 36.23 -- 2.50 9.50 0.26 
USEPA (2006) -79.5407 35.4591 WGS84 5.55 -- 4.53 8.95 0.51 
USEPA (2006) -86.3619 32.9937 WGS84 26.48 -- 5.23 10.26 0.51 
USEPA (2006) -81.0493 34.2660 WGS84 3.89 -- 2.23 4.45 0.50 
USEPA (2006) -93.4903 33.8812 WGS84 10.30 -- 3.33 6.31 0.53 
USEPA (2006) -77.9705 38.7844 WGS84 67.56 -- 7.96 8.56 0.93 
USEPA (2006) -78.4241 37.2226 WGS84 77.65 -- 5.62 10.05 0.56 
USEPA (2006) -79.3561 37.2281 WGS84 25.46 -- 5.73 8.64 0.66 
USEPA (2006) -78.9269 36.5580 WGS84 10.87 -- 4.87 6.70 0.73 
USEPA (2006) -79.6054 37.1112 WGS84 1.20 -- 0.72 3.59 0.20 
USEPA (2006) -77.9896 37.7077 WGS84 0.71 -- 1.07 3.90 0.27 
USEPA (2006) -78.0476 37.3914 WGS84 191.10 -- 9.70 13.68 0.71 
USEPA (2006) -78.3453 37.6895 WGS84 34.32 -- 8.23 7.88 1.04 
USEPA (2006) -110.2611 44.4898 WGS84 20.84 -- 3.92 8.15 0.48 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -117.0233 46.7319 NAD27 45.84 4.36 3.25 3.96 0.82 
Dutnell (2010) -98.1242 34.8378 NAD27 80.29 18.89 14.19 11.81 1.20 
Dutnell (2010) -98.2328 34.8925 NAD27 30.04 6.37 3.77 5.54 0.68 
Dutnell (2010) -97.8992 34.9633 NAD27 611.24 134.81 17.95 20.13 0.89 
Dutnell (2010) -97.5844 34.9714 NAD27 18.98 8.24 16.74 10.52 1.59 
Dutnell (2010) -96.9883 34.4953 NAD27 114.22 67.29 24.85 13.23 1.19 
Dutnell (2010) -99.6681 35.6264 NAD27 2,056.46 3.87 5.84 15.21 0.38 
Dutnell (2010) -97.2469 34.5414 NAD27 1,564.36 133.11 73.20 44.47 1.65 
Padmanabhan 
(2010) -98.1244 47.2292 NAD27 909.09 6.77 6.20 9.12 0.67 
Padmanabhan 
(2010) -97.7903 47.3250 NAD27 45.07 3.54 2.02 4.45 0.46 
Padmanabhan 
(2010) -99.1022 48.4481 NAD27 976.43 3.44 6.52 8.81 0.73 
Padmanabhan 
(2010) -99.9486 47.7028 NAD27 398.86 1.96 7.11 9.02 0.79 
Padmanabhan 
(2010) -96.1697 48.1856 NAD27 2551.15 33.53 40.33 26.55 1.52 
Tetra Tech 
(2004) -95.0086 38.6983 NAD27 41.21 38.05 21.52 15.75 1.37 
Tetra Tech 
(2004) -95.6381 38.6089 NAD27 287.49 84.91 55.49 37.80 1.47 
Tetra Tech 
(2004) -94.9769 38.7533 NAD27 74.33 65.99 35.41 18.90 1.88 
Tetra Tech 
(2004) -94.8792 38.7675 NAD27 22.82 18.65 23.92 14.49 1.65 
Tetra Tech 
(2004) -95.0953 37.9056 NAD27 1.81 2.80 5.18 6.40 0.82 
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USEPA (2006) -95.2046 40.8288 WGS84 87.91 -- 2.76 6.23 0.44 
USEPA (2006) -95.0782 42.9936 WGS84 64.54 -- 2.65 7.09 0.37 
USEPA (2006) -95.9980 42.6511 WGS84 101.29 -- 4.45 8.64 0.52 
USEPA (2006) -95.2244 42.5499 WGS84 51.99 -- 1.41 4.46 0.32 
USEPA (2006) -96.1646 42.8147 WGS84 839.34 -- 9.39 15.82 0.59 
USEPA (2006) -95.3119 40.6735 WGS84 181.53 -- 5.49 8.17 0.67 
USEPA (2006) -92.7422 42.2185 WGS84 54.30 -- 2.94 4.95 0.59 
USEPA (2006) -89.3781 41.3493 WGS84 103.87 -- 2.03 8.03 0.25 
USEPA (2006) -95.4274 38.1989 WGS84 32.42 -- 3.10 6.48 0.48 
USEPA (2006) -97.6119 34.8402 WGS84 10.12 -- 5.52 8.55 0.65 
USEPA (2006) -91.8514 39.3359 WGS84 225.61 -- 28.96 23.25 1.25 
USEPA (2006) -97.4057 42.8484 WGS84 162.62 -- 2.23 5.70 0.39 
USEPA (2006) -94.1719 38.9867 WGS84 191.14 -- 20.87 11.36 1.84 
USEPA (2006) -96.0146 33.6684 WGS84 701.79 -- 14.25 19.40 0.73 
USEPA (2006) -98.3079 35.0468 WGS84 9,283.98 -- 23.45 29.65 0.79 
USEPA (2006) -96.4831 35.8039 WGS84 181.02 -- 6.55 9.48 0.69 
USEPA (2006) -96.0997 38.7206 WGS84 95.67 -- 12.07 16.40 0.74 
USEPA (2006) -91.3920 39.1469 WGS84 62.28 -- 19.72 13.73 1.44 
USEPA (2006) -93.9654 44.0123 WGS84 725.94 -- 14.10 18.80 0.75 
USEPA (2006) -98.0101 39.0149 WGS84 20.84 -- 1.37 3.56 0.38 
USEPA (2006) -96.3696 39.3146 WGS84 13.08 -- 2.96 6.32 0.47 
USEPA (2006) -97.4163 31.5414 WGS84 303.64 -- 12.70 19.06 0.67 
USEPA (2006) -96.6435 36.5253 WGS84 64.00 -- 4.99 10.56 0.47 
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USEPA (2006) -97.6015 48.5348 WGS84 212.76 -- 13.54 7.48 1.81 
USEPA (2006) -100.1003 48.7464 WGS84 317.45 -- 2.95 6.49 0.45 
USEPA (2006) -102.8990 46.5479 WGS84 733.29 -- 6.34 10.41 0.61 
USEPA (2006) -97.5748 48.4739 WGS84 396.30 -- 5.12 7.72 0.66 
USEPA (2006) -100.1295 48.8596 WGS84 200.80 -- 7.91 7.98 0.99 
USEPA (2006) -102.2401 46.4780 WGS84 473.78 -- 8.53 8.85 0.96 
USEPA (2006) -98.0424 48.7622 WGS84 101.50 -- 11.08 10.42 1.06 
USEPA (2006) -96.5642 44.6966 WGS84 111.38 -- 10.16 15.42 0.66 
USEPA (2006) -97.5413 43.5043 WGS84 741.10 -- 11.93 13.82 0.86 
USEPA (2006) -97.2507 43.2612 WGS84 145.12 -- 7.54 5.93 1.27 
USEPA (2006) -101.1927 45.7970 WGS84 75.16 -- 1.34 2.28 0.59 
USEPA (2006) -96.9392 45.4626 WGS84 18.17 -- 1.09 1.81 0.60 
USEPA (2006) -102.6416 44.2503 WGS84 1,249.54 -- 20.00 22.59 0.89 
USEPA (2006) -99.0359 43.8975 WGS84 643.64 -- 16.74 13.84 1.21 
USEPA (2006) -98.0585 45.4053 WGS84 596.19 -- 16.53 19.35 0.85 
USEPA (2006) -101.9288 45.2828 WGS84 1,148.06 -- 4.42 7.12 0.62 
USEPA (2006) -102.5108 43.4847 WGS84 7,478.29 -- 16.46 33.09 0.50 
USEPA (2006) -102.1635 43.6968 WGS84 9,835.52 -- 23.63 43.68 0.54 
USEPA (2006) -103.6309 43.1334 WGS84 2,227.26 -- 3.32 6.72 0.49 
USEPA (2006) -103.1713 44.2493 WGS84 338.35 -- 5.89 7.05 0.84 
USEPA (2006) -101.2766 45.7711 WGS84 104.83 -- 8.90 9.65 0.92 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Brockman et al. 
(2012) -84.5417 38.9806 NAD83 77.70 21.21 21.45 21.97 0.98 
Brockman et al. 
(2012) -84.4111 38.0400 NAD83 10.49 2.10 4.67 8.35 0.56 
Brockman et al. 
(2012) -84.4056 37.9972 NAD27 4.09 1.08 1.49 4.13 0.36 
Brockman et al. 
(2012) -84.4111 37.9883 NAD27 2.49 1.27 1.60 4.24 0.38 
Brockman et al. 
(2012) -84.4553 37.9497 NAD27 39.11 7.50 9.89 11.51 0.86 
Brockman et al. 
(2012) -85.5750 38.3617 NAD27 182.08 54.09 47.95 28.13 1.70 
Brockman et al. 
(2012) -84.5631 38.2194 NAD27 380.73 54.09 98.03 38.28 2.56 
Brockman et al. 
(2012) -84.4133 38.0764 NAD27 55.69 7.62 14.64 17.25 0.85 
Brockman et al. 
(2012) -84.4019 38.0283 NAD27 5.70 1.67 3.08 5.95 0.52 
Brockman et al. 
(2012) -84.5136 38.2056 NAD27 287.49 0.00 67.51 35.87 1.88 
Castro (2001) -122.9653 43.9806 NAD27 1,662.78 87.09 67.47 49.39 1.37 
Castro (2001) -123.0344 46.7761 NAD27 2,318.05 358.82 407.06 91.46 4.45 
Castro (2001) -122.4650 45.8369 NAD27 323.75 95.24 65.80 36.59 1.80 
Castro (2001) -122.5881 48.8450 NAD27 2,035.74 277.46 247.40 67.07 3.69 
Castro (2001) -122.7489 45.2333 NAD27 1,240.61 56.87 83.92 32.01 2.62 
Castro (2001) -123.1231 45.4750 NAD27 323.75 20.39 10.04 16.16 0.61 
Castro (2001) -122.6750 45.3508 NAD27 1,828.54 79.47 72.03 50.30 1.43 
Chang et al. 
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Chang et al. 
(2004) -82.4278 39.8003 NAD27 77.70 0.00 35.41 16.55 2.13 
Chang et al. 
(2004) -82.6008 39.7067 NAD27 124.84 0.00 66.36 33.23 2.53 
Chang et al. 
(2004) -82.5786 39.5883 NAD27 230.51 0.00 60.22 27.32 2.20 
Chang et al. 
(2004) -82.5583 39.6514 NAD27 233.88 0.00 54.09 23.32 2.32 
Chaplin (2005) -75.5983 40.8061 NAD27 198.65 48.71 36.34 44.51 0.83 
Chaplin (2005) -77.4025 40.3708 NAD27 38.85 12.01 10.04 13.17 0.77 
Chaplin (2005) -76.6806 41.0617 NAD27 132.87 49.82 28.07 22.71 1.22 
Chaplin (2005) -76.9122 40.6111 NAD27 419.58 97.73 63.29 40.55 1.56 
Chaplin (2005) -75.6272 40.6617 NAD27 137.27 49.65 30.86 32.32 0.95 
Chaplin (2005) -75.4828 40.6231 NAD27 196.32 54.94 28.90 32.32 0.82 
Chaplin (2005) -77.8261 41.4758 NAD27 352.24 79.58 50.56 48.48 1.05 
Chaplin (2005) -77.5833 40.6547 NAD27 424.76 70.52 50.09 35.37 1.45 
Chaplin (2005) -75.4833 40.5822 NAD27 209.27 17.11 21.47 19.42 1.10 
Chaplin (2005) -75.4744 40.5964 NAD27 254.34 28.49 19.98 20.37 1.00 
Chaplin (2005) -75.9722 40.8069 NAD27 111.11 27.75 13.48 16.92 0.79 
Chaplin (2005) -80.3764 41.4219 NAD27 269.36 58.91 38.01 22.10 1.72 
Chaplin (2005) -77.0331 41.4183 NAD27 448.07 133.96 72.21 61.59 1.17 
Chaplin (2005) -75.8833 40.5142 NAD27 411.81 89.12 62.36 47.87 1.30 
Chaplin (2005) -77.6061 41.0594 NAD27 114.22 25.15 14.87 19.45 0.78 
Chaplin (2005) -75.3797 40.6411 NAD27 115.26 11.10 10.69 16.65 0.64 
Chaplin (2005) -76.5628 40.3428 NAD27 192.18 19.54 20.45 21.95 0.93 
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Chaplin (2005) -77.1692 40.3233 NAD27 536.13 123.05 87.36 61.59 1.12 
Chaplin (2005) -77.8278 40.8336 NAD27 151.52 13.20 13.75 20.06 0.71 
Chaplin (2005) -77.7858 40.9317 NAD27 367.78 25.43 32.62 23.69 1.38 
Chaplin (2005) -75.8961 41.2808 NAD27 83.92 21.01 10.69 14.97 0.71 
Chaplin (2005) -78.1325 39.8983 NAD27 27.71 8.64 6.23 11.10 0.57 
Chaplin (2005) -76.1719 40.4133 NAD27 172.24 31.55 28.35 33.84 0.90 
Chaplin (2005) -77.4194 40.5153 NAD27 554.26 116.96 113.38 60.98 1.87 
Chaplin (2005) -76.0939 41.0592 NAD27 113.44 20.19 17.66 21.13 0.84 
Dutnell (2010) -94.6414 36.3347 NAD83 344.47 48.26 47.67 39.49 1.21 
Dutnell (2010) -94.5867 36.6314 NAD27 2,258.48 308.13 195.94 65.85 2.98 
Dutnell (2010) -94.7067 36.1864 NAD27 284.90 76.24 28.80 40.65 0.71 
Dutnell (2010) -94.9233 35.9228 NAD27 2,483.81 104.79 115.16 51.68 2.23 
Harman et al. 
(2000) -82.7617 35.9197 NAD27 326.34 78.25 37.73 33.78 1.13 
Keaton et al. 
(2005) -79.2392 38.3350 NAD83 44.55 13.14 10.22 16.86 0.61 
Keaton et al. 
(2005) -78.5550 39.5531 NAD83 383.32 78.45 44.98 40.24 1.13 
Keaton et al. 
(2005) -78.7878 39.6694 NAD83 639.73 91.19 57.71 50.30 1.16 
Keaton et al. 
(2005) -78.0375 39.5119 NAD27 608.65 102.80 60.04 36.89 1.62 
Keaton et al. 
(2005) -82.0389 36.9081 NAD27 133.39 34.27 23.88 27.10 0.88 
Keaton et al. 
(2005) -81.3050 37.2714 NAD27 114.48 19.29 18.40 17.23 1.07 
Keaton et al. 
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Keaton et al. 
(2005) -79.5706 38.1953 NAD27 284.90 63.72 31.41 28.17 1.13 
Keaton et al. 
(2005) -79.6847 38.0439 NAD27 88.84 29.74 12.73 17.26 0.70 
Keaton et al. 
(2005) -78.3297 39.0811 NAD27 266.77 75.05 42.66 31.10 1.62 
Keaton et al. 
(2005) -81.8556 36.7472 NAD27 8.75 1.12 1.47 3.02 0.49 
Keaton et al. 
(2005) -78.9947 38.1283 NAD27 181.56 44.75 30.20 19.45 1.55 
Keaton et al. 
(2005) -82.3544 36.6536 NAD27 44.81 9.20 9.94 11.22 0.88 
Keaton et al. 
(2005) -79.4372 38.3250 NAD27 29.27 4.05 4.67 10.85 0.43 
Keaton et al. 
(2005) -78.6850 38.7622 NAD27 16.81 5.07 4.95 8.51 0.58 
Keaton et al. 
(2005) -77.6586 39.4658 NAD27 0.26 0.38 0.42 2.65 0.15 
Keaton et al. 
(2005) -80.0472 37.8028 NAD27 424.76 81.56 52.51 35.67 1.46 
Keaton et al. 
(2005) -78.2883 39.2144 NAD27 38.85 17.81 10.97 13.35 0.82 
Keaton et al. 
(2005) -79.8817 38.0422 NAD27 409.22 62.02 50.09 32.62 1.52 
Keaton et al. 
(2005) -81.4725 36.9622 NAD27 66.05 14.70 15.43 20.61 0.76 
Keaton et al. 
(2005) -78.8036 38.6067 NAD27 117.85 22.15 15.24 17.87 0.85 
Keaton et al. 
(2005) -78.4889 39.4986 NAD27 279.72 80.43 36.52 27.71 1.31 
Keaton et al. 
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Keaton et al. 
(2005) -81.6222 36.8072 NAD27 341.88 68.54 31.23 25.30 1.25 
Keaton et al. 
(2005) -81.7464 36.8967 NAD27 574.98 66.84 59.57 66.46 0.88 
Keaton et al. 
(2005) -78.8531 38.6369 NAD27 543.90 104.79 77.32 45.43 1.71 
Keaton et al. 
(2005) -78.2669 38.9581 NAD27 227.14 59.76 31.23 23.78 1.31 
Keaton et al. 
(2005) -78.1272 39.6908 NAD27 3.11 1.61 0.90 3.02 0.30 
Keaton et al. 
(2005) -80.0425 37.7289 NAD27 396.27 67.40 51.58 35.67 1.52 
Keaton et al. 
(2005) -78.5453 38.9300 NAD27 9.48 3.12 3.57 7.96 0.46 
Keaton et al. 
(2005) -80.8875 36.9389 NAD27 639.73 85.24 49.81 46.65 1.07 
Keaton et al. 
(2005) -79.6344 37.5908 NAD27 5.34 6.66 2.83 7.10 0.40 
Keaton et al. 
(2005) -81.6314 36.7603 NAD27 197.10 32.57 21.75 22.20 0.98 
Keaton et al. 
(2005) -80.2667 37.1400 NAD27 284.90 67.69 48.23 34.45 1.40 
Keaton et al. 
(2005) -79.2439 38.6314 NAD27 266.77 33.98 30.11 28.87 1.04 
Keaton et al. 
(2005) -78.6431 38.6933 NAD27 241.39 38.23 40.06 27.90 1.43 
Keaton et al. 
(2005) -79.3381 38.6356 NAD27 463.61 83.83 40.99 31.40 1.31 
Keaton et al. 
(2005) -79.9356 37.4175 NAD27 30.30 7.53 8.44 11.77 0.73 
Lawrence 
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(2003) -123.1278 44.6208 NAD27 963.48 0.00 45.82 34.45 1.33 
Lawrence 
(2003) -122.7336 45.4881 NAD27 6.14 0.00 1.06 2.74 0.39 
Lawrence 
(2003) -122.7536 45.4036 NAD27 81.59 23.79 5.12 9.70 0.53 
Lawrence 
(2003) -123.0750 44.9722 NAD27 12.51 0.00 2.00 5.03 0.40 
Lawrence 
(2003) -123.0822 44.9522 NAD27 7.04 0.00 1.79 3.60 0.50 
Lawrence 
(2003) -123.2333 44.7833 NAD27 621.60 0.00 82.22 30.06 2.73 
Lawrence 
(2003) -123.3333 44.5264 NAD27 411.81 38.86 13.95 16.98 0.82 
Lawrence 
(2003) -122.9561 44.0931 NAD27 458.43 47.27 16.20 19.73 0.82 
Lawrence 
(2003) -122.6861 45.2444 NAD27 836.57 94.82 53.28 54.57 0.98 
Lawrence 
(2003) -121.8139 45.1139 NAD27 140.90 0.00 6.84 16.98 0.40 
Lawrence 
(2003) -122.4797 45.4361 NAD27 5.83 0.00 1.83 5.03 0.36 
Lawrence 
(2003) -123.1814 45.2058 NAD27 1,367.52 0.00 54.68 24.91 2.20 
Lawrence 
(2003) -122.7689 44.7122 NAD27 282.31 0.00 26.64 27.01 0.99 
Lawrence 
(2003) -123.4125 44.8667 NAD27 8.96 0.00 2.10 4.30 0.49 
McCandless 
(2003a) -78.3439 39.6494 NAD83 264.18 77.20 53.37 35.76 1.49 
McCandless 
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(2003a) -78.1325 39.6917 NAD27 12.43 5.18 4.80 9.05 0.52 
McCandless 
(2003a) -78.6467 39.7897 NAD27 78.22 16.94 8.26 12.41 0.67 
McCandless 
(2003a) -78.5556 39.5472 NAD27 13.21 6.23 3.71 10.55 0.37 
McCandless 




-77.4083 39.2944 NAD83 162.65 52.87 36.99 25.37 1.46 
Messinger 
(2009) -80.0683 39.0394 NAD27 383.32 101.95 59.85 44.82 1.33 
Messinger 
(2009) -80.9778 37.3578 NAD27 22.38 9.23 5.79 11.68 0.50 
Mulvihill 
(2006) -77.5336 43.1031 NAD27 24.61 3.43 6.74 7.59 0.88 
Mulvihill 
(2006) -77.4783 43.0278 NAD27 101.53 12.32 16.45 12.59 1.31 
Mulvihill 
(2006) -77.5122 43.1450 NAD27 367.78 29.74 29.00 18.96 1.52 
Mulvihill 
(2006) -76.9922 43.2100 NAD27 2.77 1.30 1.94 3.63 0.55 
Mulvihill 
(2007) -73.7436 41.2286 NAD83 45.58 17.36 13.90 14.33 0.98 
Mulvihill 
(2007) -73.8069 41.5728 NAD27 148.41 31.44 33.06 19.76 1.68 
Mulvihill 
(2007) -73.8433 41.2619 NAD27 19.22 19.23 12.40 16.65 0.73 
Mulvihill 
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(2007) -73.5289 41.6589 NAD27 525.77 85.53 64.73 33.05 1.95 
Mulvihill 
(2007) -74.5650 43.0078 NAD27 16.89 2.83 7.29 11.40 0.64 
Mulvihill 
(2007) -73.9278 43.0306 NAD27 67.34 14.36 18.49 15.73 1.19 
Mulvihill 
(2007) -73.3378 42.7639 NAD27 145.30 70.80 30.67 28.69 1.07 
Mulvihill 
(2007) -76.0750 43.8133 NAD27 354.83 142.45 62.36 35.37 1.77 
Parola et al. 
(2007) -84.4111 38.0400 NAD83 10.49 2.32 2.74 5.76 0.48 
Parola et al. 
(2007) -84.4019 38.0283 NAD27 5.70 1.84 2.30 5.34 0.43 
Parola et al. 
(2007) -84.5136 38.2056 NAD27 308.21 76.47 95.63 37.50 2.55 
Robinson 
(2013) -85.676050 39.426170 NAD84 205.65 -- 38.51 31.13 1.25 
Robinson 
(2013) -85.895150 40.674480 NAD84 0.83 -- 2.12 4.82 0.49 
Robinson 
(2013) -85.920360 40.671070 NAD84 6.92 -- 4.86 6.92 0.70 
Robinson 
(2013) -85.930340 40.686870 NAD84 1.50 -- 1.74 3.69 0.46 
Robinson 
(2013) -86.003500 40.726800 NAD84 2103.08 -- 50.99 50.76 1.01 
Robinson 
(2013) -85.998900 40.725420 NAD84 0.39 -- 0.56 2.20 0.24 
Robinson 
(2013) -85.474430 39.116440 NAD84 153.33 -- 18.10 23.78 0.76 
Robinson 
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Robinson (2013) -86.848010 39.482550 NAD84 2.82 -- 5.36 7.80 0.67 
Sherwood and 
Huitger (2005) -82.7794 39.4531 NAD27 8.11 5.72 5.64 6.65 0.86 
Sherwood and 
Huitger (2005) -83.7903 39.7569 NAD27 74.85 3.94 12.70 13.99 0.91 
Sherwood and 
Huitger (2005) -83.7489 39.9406 NAD27 101.53 19.51 19.50 15.91 1.23 
Sherwood and 
Huitger (2005) -84.5669 39.8139 NAD27 53.61 0.00 18.03 17.90 1.01 
Sherwood and 
Huitger (2005) -82.0239 41.2092 NAD27 1.97 1.02 1.45 4.57 0.33 
Sherwood and 
Huitger (2005) -81.6344 41.1689 NAD27 14.45 9.06 6.51 9.45 0.69 
Sherwood and 
Huitger (2005) -81.5839 41.1631 NAD27 79.51 35.40 20.80 19.30 1.08 
Sherwood and 
Huitger (2005) -81.2944 41.4906 NAD27 81.33 0.00 20.55 20.98 0.98 
Sherwood and 
Huitger (2005) -81.2944 41.4906 NAD27 81.33 --
2 20.55 20.98 0.98 
Sherwood and 
Huitger (2005) -81.2281 41.7189 NAD27 1774.15 300.20 178.10 96.01 1.86 
Sherwood and 
Huitger, (2005) -82.3397 40.0592 NAD27 1390.83 291.70 172.40 75.61 2.32 
Sherwood and 
Huitger, (2005) -82.5786 39.5883 NAD27 230.51 77.32 46.38 21.92 2.12 
Sherwood and 
Huitger, (2005) -82.7808 39.5556 NAD27 29.79 26.05 14.95 16.74 0.90 
USEPA (2006) -92.1942 42.3152 GPS 848.96 -- 30.42 27.29 1.11 
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USEPA (2006) -91.0206 41.4778 GPS 9.63 -- 1.32 4.56 0.29 
USEPA (2006) -73.3305 41.8804 GPS 7.82 -- 4.13 8.18 0.50 
USEPA (2006) -92.0696 38.0686 GPS 11.96 -- 16.09 13.31 1.21 
USEPA (2006) -85.6112 34.7158 GPS 2.49 -- 0.98 2.56 0.38 
USEPA (2006) -80.3750 38.3255 GPS 9.56 -- 8.07 9.97 0.81 
USEPA (2006) -91.3188 40.3746 GPS 16.16 -- 5.29 10.80 0.49 
USEPA (2006) -83.4302 38.7816 GPS 1024.77 -- 62.81 43.73 1.44 
USEPA (2006) -87.6749 36.3196 GPS 52.02 -- 7.15 16.62 0.43 
USEPA (2006) -87.8418 31.5563 GPS 70.16 -- 5.16 9.95 0.52 
USEPA (2006) -82.5340 40.0640 GPS 208.71 -- 23.01 18.75 1.23 
USEPA (2006) -77.7614 40.2787 GPS 30.13 -- 3.07 8.04 0.38 
USEPA (2006) -74.4727 43.2255 GPS 2.70 -- 1.61 5.71 0.28 
USEPA (2006) -92.4147 38.2447 GPS 15.07 -- 14.24 13.39 1.06 
USEPA (2006) -86.5716 37.0807 GPS 518.39 -- 32.07 16.80 1.91 
USEPA (2006) -73.4770 44.7381 GPS 21.84 -- 7.93 8.55 0.93 
USEPA (2006) -86.3236 33.8726 GPS 9.20 -- 2.21 4.99 0.44 
USEPA (2006) -91.2701 36.2182 WGS84 32.72 -- 5.81 12.30 0.47 
USEPA (2006) -78.4303 40.3574 WGS84 16.98 -- 3.56 7.54 0.47 
USEPA (2006) -82.7788 39.7475 WGS84 3.91 -- 1.79 3.13 0.57 
USEPA (2006) -92.8357 36.2446 WGS84 531.94 -- 32.33 29.39 1.10 
USEPA (2006) -80.0954 41.4696 WGS84 9.01 -- 0.99 4.93 0.20 
USEPA (2006) -85.5694 39.6408 WGS84 140.11 -- 11.77 14.72 0.80 
USEPA (2006) -93.1882 37.4083 WGS84 57.14 -- 40.97 25.90 1.58 
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USEPA (2006) -86.6213 36.3865 WGS84 43.56 -- 8.36 17.35 0.48 
USEPA (2006) -83.2097 35.9702 WGS84 30.03 -- 1.15 8.37 0.14 
USEPA (2006) -92.9178 44.5027 WGS84 237.16 -- 8.22 15.32 0.54 
USEPA (2006) -92.5300 38.7815 WGS84 19.42 -- 25.66 17.21 1.49 
USEPA (2006) -91.7358 36.0741 WGS84 155.34 -- 19.40 19.31 1.00 
USEPA (2006) -86.3052 37.8291 WGS84 239.67 -- 24.73 15.64 1.58 
USEPA (2006) -77.2391 40.7349 WGS84 16.95 -- 1.28 5.62 0.23 
USEPA (2006) -81.2234 41.5166 WGS84 2.38 -- 1.48 3.87 0.38 
USEPA (2006) -91.0320 37.7783 WGS84 60.56 -- 40.87 33.80 1.21 
USEPA (2006) -76.7930 40.7221 WGS84 312.63 -- 14.49 28.97 0.50 
USEPA (2006) -78.6649 39.2442 WGS84 31.32 -- 3.56 9.10 0.39 
USEPA (2006) -82.7033 36.3574 WGS84 35.72 -- 1.48 6.84 0.22 
USEPA (2006) -73.8460 41.5628 WGS84 138.64 -- 7.70 13.89 0.55 
USEPA (2006) -90.8843 36.6438 WGS84 24.34 -- 20.12 17.29 1.16 
USEPA (2006) -82.1901 40.1550 WGS84 71.08 -- 7.89 8.95 0.88 
USEPA (2006) -85.1812 34.5680 WGS84 26.80 -- 3.06 10.21 0.30 
USEPA (2006) -75.0407 40.8148 WGS84 4.46 -- 3.35 5.12 0.65 
USEPA (2006) -76.7927 43.1569 WGS84 1.48 -- 4.56 13.21 0.35 
USEPA (2006) -83.1349 38.3621 WGS84 29.26 -- 9.09 14.93 0.61 
USEPA (2006) -76.0837 40.8691 WGS84 9.76 -- 2.33 6.58 0.35 
USEPA (2006) -93.7206 37.8895 WGS84 212.97 -- 47.73 31.25 1.53 
USEPA (2006) -82.7125 36.1998 WGS84 7.32 -- 0.42 4.18 0.10 
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USEPA (2006) -83.7284 36.2219 WGS84 40.03 -- 2.91 7.99 0.36 
USEPA (2006) -83.8003 36.2873 WGS84 10.33 -- 0.60 4.43 0.14 
USEPA (2006) -86.8882 33.2233 WGS84 1.31 -- 1.04 3.68 0.28 
USEPA (2006) -84.7007 34.6789 WGS84 3.27 -- 1.00 4.23 0.24 
USEPA (2006) -82.4734 36.8721 WGS84 19.05 -- 3.74 9.12 0.41 
USEPA (2006) -79.1589 37.8849 WGS84 0.42 -- 0.42 2.19 0.19 
USEPA (2006) -80.7275 37.0476 WGS84 216.31 -- 4.70 21.55 0.22 
USEPA (2006) -79.3764 38.1772 WGS84 5.80 -- 1.38 4.45 0.31 
USEPA (2006) -81.6461 36.7449 WGS84 12.83 -- 0.62 4.55 0.14 
USEPA (2006) -82.7386 36.6068 WGS84 31.71 -- 1.75 9.61 0.18 
USEPA (2006) -78.4598 39.0217 WGS84 76.75 -- 12.83 13.84 0.93 
USEPA (2006) -80.1868 37.6205 WGS84 11.01 -- 3.80 6.85 0.55 
USEPA (2006) -79.7119 37.9966 WGS84 40.20 -- 2.68 7.89 0.34 
USEPA (2006) -80.3483 37.4633 WGS84 5.14 -- 1.26 4.20 0.30 
USEPA (2006) -81.6213 36.7653 WGS84 195.87 -- 9.58 19.88 0.48 
USEPA (2006) -81.1875 36.9848 WGS84 43.33 -- 15.06 13.81 1.09 
USEPA (2006) -122.0299 40.1075 WGS84 68.28 -- 3.53 9.02 0.39 
USEPA (2006) -124.0793 40.9315 WGS84 3.45  0.43 2.16 0.20 
USEPA (2006) -116.2257 44.9136 WGS84 21.12 -- 2.90 5.28 0.55 
USEPA (2006) -121.6411 45.1855 WGS84 3.24 -- 1.53 3.05 0.50 
USEPA (2006) -123.0541 45.3371 WGS84 11.71 -- 0.74 1.98 0.37 
USEPA (2006) -124.0944 43.6497 WGS84 6.18 -- 1.71 4.18 0.41 
USEPA (2006) -121.4153 45.2055 WGS84 16.17 -- 1.33 3.40 0.39 
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USEPA (2006) -86.4156 38.8169 WGS84 34.93 -- 4.56 7.27 0.63 
USEPA (2006) -92.7901 39.1144 WGS84 13.36 -- 14.14 9.48 1.49 
USEPA (2006) -76.9686 41.5850 WGS84 17.18 -- 4.20 9.42 0.45 
USEPA (2006) -84.9869 35.6880 WGS84 1.35 -- 0.36 1.65 0.22 
USEPA (2006) -85.7597 33.7786 WGS84 11.17 -- 2.73 6.12 0.45 
USEPA (2006) -92.1225 36.3398 WGS84 143.31 -- 17.72 19.30 0.92 
USEPA (2006) -84.8888 39.7667 WGS84 6.12 -- 5.18 7.30 0.71 
USEPA (2006) -82.5910 41.2920 WGS84 33.47 -- 4.71 6.16 0.76 
USEPA (2006) -83.3588 38.0320 WGS84 9.63 -- 8.43 11.45 0.74 
USEPA (2006) -84.7589 35.1406 WGS84 6.64 -- 1.13 4.76 0.24 
USEPA (2006) -87.0838 31.6765 WGS84 5.53 -- 1.26 3.86 0.33 
USEPA (2006) -85.6737 35.4523 WGS84 0.64 -- 0.38 2.06 0.18 
USEPA (2006) -88.2060 35.2027 WGS84 1.62 -- 0.62 3.78 0.16 
USEPA (2006) -91.6755 35.8585 WGS84 172.57 -- 18.87 21.18 0.89 
Vesely et al. 
(2008) -83.1736 38.2992 NAD27 154.36 23.17 23.73 25.21 0.94 
Vesely et al. 
(2008) -82.9522 38.5642 NAD27 626.78 101.13 95.45 34.36 2.78 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -118.2208 46.2744 NAD27 934.99 26.62 12.08 19.82 0.61 
Castro (2001) -119.0333 45.6778 NAD27 3,315.20 109.60 48.98 38.11 1.28 
Castro (2001) -118.7286 46.0278 NAD27 4,291.63 49.02 41.36 28.05 1.46 
Dutnell (2010) -100.5189 36.8222 NAD27 9,544.15 4.60 9.47 17.07 0.55 
Dutnell (2010) -101.8975 37.1219 NAD27 6,231.54 4.49 23.42 33.11 0.71 
Dutnell (2010) -101.3811 36.5719 NAD27 1,877.75 6.23 26.74 43.20 0.62 
Dutnell (2010) -99.7342 30.5042 NAD27 4,804.81 131.92 128.57 95.43 1.35 
Dutnell (2010) -99.8058 30.5172 NAD27 2,367.26 98.13 82.58 69.82 1.18 
Dutnell (2010) -101.0806 36.5439 NAD27 2,139.34 8.78 20.12 17.37 1.16 
Dutnell (2010) -99.7853 30.9189 NAD27 2,939.65 114.10 75.98 66.46 1.14 
Lawlor (2004) -113.3867 47.0192 NAD27 893.55 39.65 24.26 36.59 0.67 
USEPA (2006) -98.0696 30.5974 WGS84 51.32 --2 9.20 11.50 0.80 
USEPA (2006) -98.9259 37.3953 WGS84 169.61 -- 2.51 8.24 0.30 
USEPA (2006) -99.8816 35.3916 WGS84 15.30 -- 2.15 3.07 0.70 
USEPA (2006) -103.7159 42.6221 WGS84 113.96 -- 3.11 8.55 0.36 
USEPA (2006) -98.8953 30.2870 WGS84 39.29 -- 3.08 7.37 0.42 
USEPA (2006) -97.9703 32.2803 WGS84 116.46 -- 1.79 4.48 0.40 
USEPA (2006) -99.9301 36.0383 WGS84 118.60 -- 0.91 2.35 0.39 
USEPA (2006) -109.1975 32.8709 WGS84 9,935.48 -- 267.27 89.09 3.00 
USEPA (2006) -122.1689 37.7277 WGS84 112.49 -- 3.55 5.91 0.60 
USEPA (2006) -122.7871 38.5042 WGS84 111.69 -- 3.39 9.57 0.35 
USEPA (2006) -112.3263 42.9099 WGS84 5.43 -- 0.85 1.37 0.62 
USEPA (2006) -113.4440 45.7882 WGS84 36.67 -- 0.35 0.99 0.35 
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USEPA (2006) -102.2316 43.5303 WGS84 644.75 -- 3.38 3.51 0.96 
USEPA (2006) -101.7178 43.5419 WGS84 73.05 -- 18.91 9.95 1.90 
USEPA (2006) -102.3892 43.3821 WGS84 330.22 -- 4.66 5.63 0.83 
USEPA (2006) -101.7826 43.6435 WGS84 139.49 -- 12.92 12.69 1.02 
USEPA (2006) -101.7972 43.5279 WGS84 1,073.36 -- 9.40 6.94 1.35 
USEPA (2006) -100.8896 43.3334 WGS84 2619.54 -- 5.23 13.08 0.40 
USEPA (2006) -118.4065 46.1296 WGS84 27.99 -- 0.55 1.56 0.35 
USEPA (2006) -117.6695 47.7343 WGS84 96.59 -- 2.15 3.12 0.69 
USEPA (2006) -104.6275 42.1098 WGS84 31.01 -- 1.11 3.25 0.34 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Brockman et al. 
(2012) -84.5322 38.8444 NAD83 46.62 10.62 14.77 15.79 0.94 
Brockman et al. 
(2012) -84.3653 38.9867 NAD83 8.03 4.36 4.08 7.95 0.51 
Brockman et al. 
(2012) -84.7161 38.9942 NAD83 94.79 46.45 26.09 26.90 0.97 
Brockman et al. 
(2012) -84.8042 39.0300 NAD83 62.68 15.29 15.81 18.35 0.86 
Brockman et al. 
(2012) -85.5572 38.1947 NAD27 14.17 4.73 6.32 13.55 0.47 
Brockman et al. 
(2012) -85.4603 38.1883 NAD27 357.42 92.61 82.16 38.02 2.16 
Brockman et al. 
(2012) -84.7208 38.8450 NAD27 94.28 57.77 48.68 32.01 1.52 
Brockman et al. 
(2012) -84.5139 38.7919 NAD27 35.22 10.28 8.56 13.01 0.66 
Brockman et al. 
(2012) -84.3383 38.9514 NAD27 101.01 38.23 29.75 25.63 1.16 
Chang et al. 
(2004) -82.1711 39.4642 NAD27 63.46 0.00 25.00 15.79 1.59 
Chaplin (2005) -80.2892 39.9406 NAD27 45.33 16.99 16.17 17.53 0.93 
Chaplin (2005) -76.1958 39.8431 NAD27 22.53 7.36 5.92 8.90 0.68 
Chaplin (2005) -79.9383 40.5203 NAD27 14.97 5.75 3.03 5.49 0.55 
Chaplin (2005) -75.5158 40.3939 NAD27 98.42 33.70 28.25 35.67 0.81 
Chaplin (2005) -75.5228 40.3739 NAD27 59.57 28.32 18.77 29.42 0.64 
Cinotto (2003) -75.5158 40.3939 NAD27 98.42 33.70 28.25 35.67 0.81 
Cinotto (2003) -75.5228 40.3739 NAD27 59.57 28.32 18.77 29.42 0.59 
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Doll et al. 
(2002) -80.0303 35.3792 NAD83 8.90 2.00 4.20 7.00 0.60 
Doll et al. 
(2002) -81.2347 35.3064 NAD83 82.40 29.00 18.10 12.00 1.50 
Harman et al. 
(1999) -80.0303 35.3792 NAD83 8.91 2.41 4.24 7.16 0.58 
Harman et al. 
(1999) -81.2347 35.3064 NAD83 82.36 29.48 18.12 12.20 1.49 
Lotspeich 
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(2009) -79.7044 39.6217 NAD83 518.00 210.42 80.95 50.00 1.62 
Messinger 
(2009) -80.6906 39.1239 NAD27 7.54 2.86 4.35 10.91 0.40 
Messinger 
(2009) -80.5928 40.4356 NAD27 126.65 55.51 30.30 28.81 1.05 
Messinger 
(2009) -81.2228 38.8442 NAD27 530.95 128.01 131.04 46.95 2.79 
Messinger 
(2009) -81.2228 38.8442 NAD27 331.52 112.15 69.05 45.12 1.53 
Mulvihill (2005) -78.6453 42.8900 NAD27 249.68 --2 45.82 32.93 1.40 
Mulvihill (2005) -78.7753 42.8297 NAD27 349.65 -- 78.81 50.00 1.59 
Mulvihill (2005) -78.1633 42.8769 NAD27 57.24 -- 12.73 13.60 0.95 
Parola et al. 
(2007) -85.3019 38.2186 NAD27 141.93 42.48 36.15 22.41 1.61 
Parola et al. 
(2007) -85.4603 38.1883 NAD27 357.42 122.91 109.01 39.63 2.76 
Parola et al. 
(2007) -84.0550 38.2472 NAD27 398.86 60.89 104.00 26.77 3.89 
Parola et al. 
(2007) -85.6536 37.9278 NAD27 20.49 10.37 8.19 11.31 0.73 
Robinson 
(2013) -84.960460 39.480840 NAD84 25.10 -- 9.20 10.52 0.88 
Robinson 
(2013) -84.963280 39.479070 NAD84 5.34 -- 5.08 9.51 0.55 
Robinson 
(2013) -86.484100 39.323100 NAD84 0.52 -- 1.38 5.06 0.27 
Robinson 
(2013) -86.498980 39.328660 NAD84 3.11 -- 5.95 8.23 0.73 
Robinson 
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Robinson (2013) -86.308120 39.113400 NAD84 1.19 -- 3.68 6.95 0.52 
Robinson (2013) -86.211740 39.140160 NAD84 2.69 -- 3.48 7.23 0.49 
Robinson (2013) -86.307900 39.149030 NAD84 0.16 -- 0.72 3.66 0.18 
Robinson (2013) -86.313170 39.109640 NAD84 6.50 -- 10.27 12.80 0.79 
Robinson (2013) -86.306770 39.147060 NAD84 2.15 -- 3.67 7.77 0.49 
Robinson (2013) -86.308200 39.150610 NAD84 3.29 -- 5.51 9.66 0.58 
Robinson (2013) -86.430020 39.503980 NAD84 0.62 -- 2.88 5.76 0.49 
Robinson (2013) -85.166120 38.994880 NAD84 481.74 -- 38.53 45.43 0.85 
Robinson (2013) -86.670170 38.309150 NAD84 2.62 -- 5.97 7.93 0.76 
Robinson (2013) -86.670450 38.307660 NAD84 12.15 -- 25.08 17.77 1.40 
Robinson (2013) -86.864920 38.819510 NAD84 0.49 -- 3.35 5.91 0.55 
Robinson (2013) -86.570590 38.481370 NAD84 1.37 -- 2.23 5.43 0.43 
Robinson (2013) -86.459530 38.446800 NAD84 19.50 -- 12.72 12.71 1.01 
Sherwood and 
Huitger (2005) -84.7561 39.4664 NAD27 0.75 1.27 1.12 4.18 0.27 
Sherwood and 
Huitger, (2005) -81.1972 41.1614 NAD27 56.46 25.77 18.03 17.16 1.06 
Sherwood and 
Huitger, (2005) -81.1475 41.1544 NAD27 20.33 5.04 9.85 12.10 0.81 
Sherwood and 
Huitger, (2005) -81.0558 39.7822 NAD27 1.37 5.38 3.75 7.59 0.50 
Sherwood and 
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Huitger, (2005) -81.2667 40.1394 NAD27 69.67 0.00 11.11 10.82 1.05 
Sherwood and 
Huitger, (2005) -81.8178 40.3842 NAD27 10.41 11.78 7.20 10.09 0.73 
Sherwood and 
Huitger, (2005) -81.8389 40.3642 NAD27 18.54 10.99 10.51 10.79 0.98 
Sherwood and 
Huitger, (2005) -81.8606 39.9086 NAD27 196.06 59.19 58.50 30.03 2.01 
Sherwood and 
Huitger, (2005) -82.3183 39.4825 NAD27 2.69 1.81 2.42 4.73 0.51 
Sherwood and 
Huitger, (2005) -82.0844 39.3794 NAD27 3.83 2.78 2.65 5.79 0.46 
Sherwood and 
Huitger, (2005) -81.8819 39.0636 NAD27 404.04 59.47 60.43 27.23 2.31 
Sherwood and 
Huitger, (2005) -82.3142 39.3633 NAD27 2.62 1.53 2.25 6.55 0.34 
Sherwood and 
Huitger, (2005) -82.3322 39.3336 NAD27 12.92 9.37 8.00 9.57 0.84 
Sherwood and 
Huitger, (2005) -82.5100 38.4175 NAD27 1.89 1.87 1.90 4.39 0.43 
USEPA (2006) -95.4009 41.3327 WGS84 1,630.16 -- 41.32 38.85 1.06 
USEPA (2006) -91.6728 42.9798 WGS84 18.04 -- 4.48 9.48 0.47 
USEPA (2006) -95.6888 41.3674 WGS84 438.22 -- 7.06 9.90 0.71 
USEPA (2006) -95.9193 42.0694 WGS84 1,876.48 -- 33.32 25.42 1.31 
USEPA (2006) -94.9100 40.8713 WGS84 657.87 -- 24.79 25.29 0.98 
USEPA (2006) -91.5460 41.5512 WGS84 643.87 -- 25.09 23.81 1.05 
USEPA (2006) -95.8404 41.9229 WGS84 801.13 -- 43.16 29.94 1.44 
USEPA (2006) -95.0169 41.9730 WGS84 42.87 -- 3.21 5.62 0.57 
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USEPA (2006) -91.5631 42.7568 WGS84 22.20 -- 1.13 3.51 0.32 
USEPA (2006) -92.4955 40.8588 WGS84 366.28 -- 19.62 19.51 1.01 
USEPA (2006) -91.6083 43.1385 WGS84 92.12 -- 6.93 10.53 0.66 
USEPA (2006) -90.9402 42.5608 WGS84 34.81 -- 5.43 11.59 0.47 
USEPA (2006) -68.0248 46.9965 WGS84 62.40 -- 5.38 14.62 0.37 
USEPA (2006) -69.7170 46.8218 WGS84 167.88 -- 12.62 24.78 0.51 
USEPA (2006) -81.2547 39.2054 WGS84 10.54 -- 1.36 4.04 0.34 
USEPA (2006) -85.8401 38.2667 WGS84 12.14 -- 2.22 6.52 0.34 
USEPA (2006) -91.0337 42.8071 WGS84 2.27 -- 0.62 2.12 0.29 
USEPA (2006) -76.7297 39.2370 WGS84 3.44 -- 3.63 7.99 0.45 
USEPA (2006) -94.2150 34.7860 WGS84 49.56 -- 10.33 13.46 0.77 
USEPA (2006) -80.9409 38.7521 WGS84 50.35 -- 5.77 9.41 0.61 
USEPA (2006) -81.3901 40.8056 WGS84 96.71 -- 15.02 15.59 0.96 
USEPA (2006) -87.4141 35.0696 WGS84 13.89 -- 1.59 9.69 0.16 
USEPA (2006) -76.0897 39.9266 WGS84 10.10 -- 1.70 6.69 0.25 
USEPA (2006) -89.1878 37.5254 WGS84 4.88 -- 2.48 7.61 0.33 
USEPA (2006) -81.1931 39.6316 WGS84 90.30 -- 17.24 18.77 0.92 
USEPA (2006) -80.6046 41.8465 WGS84 48.74 -- 11.58 14.31 0.81 
USEPA (2006) -77.2141 39.0487 WGS84 23.31 -- 4.64 9.81 0.47 
USEPA (2006) -91.0156 43.5847 WGS84 55.60 -- 2.39 9.39 0.25 
USEPA (2006) -94.4851 34.5385 WGS84 3.79 -- 5.10 7.70 0.66 
USEPA (2006) -81.1920 38.8524 WGS84 4.52 -- 2.16 4.85 0.45 
USEPA (2006) -94.1610 39.5013 WGS84 17.34 -- 19.09 14.09 1.35 





Table B.11 (cont’d). 















USEPA (2006) -96.4042 42.1238 WGS84 8.01 -- 1.18 3.03 0.39 
USEPA (2006) -75.5307 40.3766 WGS84 56.26 -- 6.58 16.09 0.41 
USEPA (2006) -80.8665 39.9935 WGS84 1.68 -- 5.41 6.20 0.87 
USEPA (2006) -84.7204 38.6770 WGS84 80.53 -- 18.50 20.76 0.89 
USEPA (2006) -89.8938 42.8359 WGS84 3.26 -- 1.48 2.67 0.55 
USEPA (2006) -76.8002 39.0522 WGS84 391.66 -- 17.75 21.69 0.82 
USEPA (2006) -92.7619 40.1165 WGS84 32.20 -- 27.95 16.89 1.65 
USEPA (2006) -80.1824 39.5573 WGS84 69.31 -- 4.92 13.52 0.36 
USEPA (2006) -87.1500 39.6685 WGS84 20.18 -- 2.74 7.01 0.39 
USEPA (2006) -79.7523 40.6708 WGS84 0.60 -- 0.94 3.22 0.29 
USEPA (2006) -80.2868 40.2169 WGS84 7.99 -- 0.90 3.68 0.25 
USEPA (2006) -81.6770 39.9111 WGS84 6.55 -- 6.66 7.40 0.90 
USEPA (2006) -85.7856 36.6508 WGS84 201.09 -- 31.25 29.13 1.07 
USEPA (2006) -86.7092 38.1120 WGS84 4.54 -- 1.58 4.13 0.38 
USEPA (2006) -94.1884 34.5065 WGS84 3.10 -- 2.31 4.23 0.55 
USEPA (2006) -87.0019 36.4353 WGS84 3.92 -- 4.88 7.07 0.69 
USEPA (2006) -93.9093 34.3169 WGS84 174.00 -- 9.31 19.69 0.47 
USEPA (2006) -83.5643 37.6645 WGS84 22.09 -- 11.85 14.65 0.81 
USEPA (2006) -84.9747 38.1255 WGS84 11.86 -- 6.90 8.73 0.79 
USEPA (2006) -82.8700 38.1590 WGS84 12.84 -- 4.94 6.25 0.79 
USEPA (2006) -79.2167 36.7482 WGS84 6.22 -- 0.68 3.94 0.17 
USEPA (2006) -79.0965 37.1748 WGS84 16.04 -- 1.63 4.07 0.40 
USEPA (2006) -78.8822 37.4778 WGS84 141.85 -- 6.95 12.74 0.55 





Table B.11 (cont’d). 















USEPA (2006) -123.2980 45.8822 WGS84 131.58 -- 13.59 18.92 0.72 
Vesely et al. 
(2008) -84.0936 36.9514 NAD27 139.34 17.39 13.14 21.77 0.60 
Vesely et al. 
(2008) -83.4639 37.8122 NAD27 170.42 48.43 37.17 17.07 2.18 
Vesely et al. 
(2008) -83.4867 37.7567 NAD27 62.16 5.49 6.18 9.94 0.62 
White (2001) -75.5158 40.3939 NAD27 98.42 33.70 28.25 35.67 0.81 
White (2001) -75.5228 40.3739 NAD27 59.57 28.32 18.77 29.42 0.59 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 





Table B.12: HLR 12 Dataset. 















Castro (2001) -116.1192 44.9072 NAD83 372.96 76.66 18.96 18.29 1.04 
Castro (2001) -115.3081 43.4958 NAD83 1,644.65 68.14 44.14 38.11 1.16 
Castro (2001) -115.7253 43.6681 NAD27 2,149.70 94.65 73.61 54.88 1.34 
Castro (2001) -122.4986 42.7750 NAD27 808.08 150.50 61.71 48.78 1.25 
Emmet (1975) -114.8133 43.9194 NAD27 40.15 5.49 3.68 10.06 0.37 
Emmet (1975) -114.8317 44.0275 NAD27 45.33 5.52 2.79 7.62 0.37 
Emmet (1975) -114.8317 44.0300 NAD27 47.92 5.86 3.62 7.62 0.46 
Foster (2012) -107.138000 43.578000 NAD84 117.07 -- 9.14 12.07 0.76 
Foster (2012) -106.521000 41.370000 NAD84 96.87 -- 7.97 12.35 0.65 
Foster (2012) -106.825000 41.024000 NAD84 188.29 -- 15.47 16.49 0.94 
Foster (2012) -106.971000 41.439000 NAD84 282.31 -- 10.56 26.83 0.39 
Foster (2012) -106.223000 41.585000 NAD84 162.91 -- 13.68 15.03 0.91 
Foster (2012) -107.069000 41.132000 NAD84 33.67 -- 5.40 10.00 0.54 
Lawlor (2004) -114.1503 46.0242 NAD27 16.84 0.40 0.92 2.47 0.37 
Lotspeich 
(2009) -78.9597 37.5625 NAD27 1.17 0.76 0.64 3.45 0.18 
USEPA (2006) -73.0884 43.2611 WGS84 26.31 --2 3.87 10.13 0.38 
USEPA (2006) -98.8614 35.9564 WGS84 112.62 -- 2.25 4.13 0.55 
USEPA (2006) -78.5873 38.1503 WGS84 17.54 -- 4.50 6.87 0.65 
USEPA (2006) -78.9033 37.6332 WGS84 509.93 -- 20.18 39.64 0.51 
USEPA (2006) -78.3049 38.4495 WGS84 6.50 -- 2.86 4.76 0.60 
USEPA (2006) -110.5904 34.9824 WGS84 34,912.37 -- 37.86 57.84 0.65 
USEPA (2006) -113.2181 34.3526 WGS84 2,760.98 -- 26.62 24.82 1.07 





Table B.12 (cont’d). 















USEPA (2006) -111.2693 34.1186 WGS84 1,270.35 -- 5.27 12.07 0.44 
USEPA (2006) -111.5937 36.8659 WGS84 3,665.68 -- 6.07 11.31 0.54 
USEPA (2006) -119.1185 34.6514 WGS84 32.65 -- 3.73 8.38 0.45 
USEPA (2006) -123.0714 38.5417 WGS84 75.59 -- 4.00 13.32 0.30 
USEPA (2006) -122.0290 41.4902 WGS84 13.13 -- 1.65 4.03 0.41 
USEPA (2006) -120.7244 40.4337 WGS84 42.76 -- 0.79 2.82 0.28 
USEPA (2006) -120.5142 34.6747 WGS84 21.44 -- 1.65 4.33 0.38 
USEPA (2006) -119.0809 34.6408 WGS84 67.16 -- 4.23 10.11 0.42 
USEPA (2006) -116.8285 33.3367 WGS84 25.42 -- 3.79 4.13 0.92 
USEPA (2006) -122.2077 41.8617 WGS84 26.30 -- 1.75 4.19 0.42 
USEPA (2006) -117.3018 33.4541 WGS84 24.91 -- 1.75 6.43 0.27 
USEPA (2006) -119.1426 34.6593 WGS84 26.14 -- 1.63 5.61 0.29 
USEPA (2006) -116.8151 33.3305 WGS84 34.67 -- 0.82 3.93 0.21 
USEPA (2006) -117.5004 33.9617 WGS84 1.81 -- 0.38 4.21 0.09 
USEPA (2006) -117.1288 33.0990 WGS84 122.29 -- 2.52 10.28 0.25 
USEPA (2006) -117.1687 33.0682 WGS84 145.06 -- 2.47 8.49 0.29 
USEPA (2006) -105.2341 39.5136 WGS84 10.86 -- 0.49 1.86 0.26 
USEPA (2006) -103.6830 38.8867 WGS84 453.90 -- 5.43 14.23 0.38 
USEPA (2006) -104.8667 39.3890 WGS84 271.67 -- 4.90 9.81 0.50 
USEPA (2006) -105.6480 39.2399 WGS84 668.51 -- 2.39 11.44 0.21 
USEPA (2006) -107.9104 40.4439 WGS84 7,843.57 -- 96.00 83.15 1.15 
USEPA (2006) -113.7840 44.7109 WGS84 8.84 -- 1.31 3.32 0.40 





Table B.12 (cont’d). 















USEPA (2006) -110.7488 46.9455 WGS84 135.32 -- 4.84 9.68 0.50 
USEPA (2006) -114.0928 46.0977 WGS84 23.75 -- 0.88 3.29 0.27 
USEPA (2006) -113.4800 45.9073 WGS84 12.91 -- 1.74 4.90 0.35 
USEPA (2006) -111.6207 45.3701 WGS84 135.47 -- 3.46 8.27 0.42 
USEPA (2006) -114.5580 46.6855 WGS84 24.72 -- 1.36 6.79 0.20 
USEPA (2006) -110.4397 46.6754 WGS84 0.96 -- 0.10 1.02 0.10 
USEPA (2006) -102.7048 47.3791 WGS84 177.87 -- 3.96 7.65 0.52 
USEPA (2006) -100.8724 46.3896 WGS84 10,713.42 -- 29.57 28.04 1.05 
USEPA (2006) -116.4841 39.0354 WGS84 5.63 -- 0.98 1.36 0.72 
USEPA (2006) -114.3566 37.5469 WGS84 632.51 -- 7.59 15.18 0.50 
USEPA (2006) -116.4236 39.0693 WGS84 1.94 -- 0.40 1.46 0.27 
USEPA (2006) -119.7053 39.1429 WGS84 2,329.23 -- 48.88 36.83 1.33 
USEPA (2006) -121.2576 42.6884 WGS84 1,137.19 -- 21.64 26.75 0.81 
USEPA (2006) -121.2581 42.9432 WGS84 6.23 -- 0.56 2.05 0.27 
USEPA (2006) -121.5505 45.0968 WGS84 11.87 -- 2.85 3.26 0.87 
USEPA (2006) -121.5999 44.1384 WGS84 21.60 -- 1.04 2.93 0.35 
USEPA (2006) -122.3281 43.1825 WGS84 15.51 -- 3.51 6.66 0.53 
USEPA (2006) -101.4640 45.6764 WGS84 61.66 -- 4.87 4.97 0.98 
USEPA (2006) -103.6173 45.5702 WGS84 195.14 -- 6.70 8.85 0.76 
USEPA (2006) -102.5968 45.1536 WGS84 4,042.39 -- 25.42 27.82 0.91 
USEPA (2006) -101.7037 45.6644 WGS84 10,217.50 -- 24.42 26.43 0.92 
USEPA (2006) -102.8134 45.1367 WGS84 3,678.93 -- 10.03 17.88 0.56 
USEPA (2006) -109.8023 39.3423 WGS84 72.71 -- 1.93 3.21 0.60 





Table B.12 (cont’d). 















USEPA (2006) -112.5861 37.3781 WGS84 73.91 -- 6.63 8.29 0.80 
USEPA (2006) -111.0834 39.6789 WGS84 11.39 -- 1.92 4.23 0.45 
USEPA (2006) -113.4083 37.5520 WGS84 18.67 -- 0.96 3.29 0.29 
USEPA (2006) -109.3591 40.8264 WGS84 3.81 -- 0.23 1.07 0.22 
USEPA (2006) -109.5966 39.2200 WGS84 7.70 -- 6.36 6.22 1.02 
USEPA (2006) -112.5698 37.8678 WGS84 8.63 -- 2.64 3.67 0.72 
USEPA (2006) -109.8282 40.2423 WGS84 9,803.01 -- 12.40 21.55 0.58 
USEPA (2006) -118.5275 48.1391 WGS84 91.41 -- 3.98 6.44 0.62 
USEPA (2006) -120.6963 47.8976 WGS84 3.76 -- 0.88 2.93 0.30 
USEPA (2006) -118.7451 48.3903 WGS84 1,664.41 -- 16.66 20.14 0.83 
USEPA (2006) -118.3203 48.2053 WGS84 19.11 -- 0.67 3.63 0.18 
USEPA (2006) -120.6473 47.9089 WGS84 1.13 -- 1.64 2.95 0.55 
USEPA (2006) -122.4367 48.6306 WGS84 4.85 -- 3.46 6.04 0.57 
USEPA (2006) -109.5248 41.2550 WGS84 117.35 -- 3.09 4.10 0.75 
USEPA (2006) -109.3976 44.1022 WGS84 19.60 -- 8.37 12.27 0.68 
USEPA (2006) -106.8759 44.0946 WGS84 38.41 -- 1.78 5.29 0.34 
USEPA (2006) -108.8267 41.0155 WGS84 87.92 -- 3.97 5.26 0.75 
USEPA (2006) -107.1242 42.2634 WGS84 7.55 -- 0.52 1.92 0.27 
USEPA (2006) -105.7810 41.0760 WGS84 9.55 -- 1.68 2.75 0.61 
USEPA (2006) -108.3539 44.9913 WGS84 138.62 -- 1.35 4.25 0.32 
USEPA (2006) -105.5174 42.2131 WGS84 59.45 -- 1.10 2.82 0.39 
USEPA (2006) -105.3365 42.3118 WGS84 70.89 -- 4.38 8.61 0.51 
USEPA (2006) -106.7973 41.0828 WGS84 299.09 -- 15.37 23.39 0.66 





Table B.12 (cont’d). 















USEPA (2006) -113.5307 34.5540 WGS84 1,815.82 -- 79.76 44.09 1.81 
USEPA (2006) -109.3968 35.9180 WGS84 94.42 -- 15.07 13.82 1.09 
USEPA (2006) -109.1066 36.3549 WGS84 46.79 -- 15.30 11.61 1.32 
USEPA (2006) -109.1131 35.8385 WGS84 88.88 -- 2.21 6.23 0.35 
USEPA (2006) -111.8295 34.6077 WGS84 1,104.47 -- 37.27 35.04 1.06 
USEPA (2006) -111.0361 34.1926 WGS84 100.42 -- 4.95 8.64 0.57 
USEPA (2006) -109.4894 43.9698 WGS84 3.41 -- 2.30 6.18 0.37 
USEPA (2006) -105.3658 41.9988 WGS84 203.40 -- 1.57 4.68 0.34 
USEPA (2006) -109.1973 42.4019 WGS84 49.19 -- 0.88 2.63 0.34 
Yochum (2003) -106.1483 37.6094 NAD27 3,973.06 46.62 41.82 39.33 1.06 
Yochum (2003) -106.1869 37.0539 NAD27 728.83 48.65 24.91 23.17 1.07 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 





Table B.13: HLR 13 Dataset. 















Castro (2001) -117.0169 47.1900 NAD27 323.75 9.06 10.04 12.20 0.82 




-76.4036 39.6303 NAD83 244.50 74.03 44.02 30.79 1.43 
USEPA (2006) -98.1269 31.5905 WGS84 414.72 --2 32.74 20.82 1.57 
USEPA (2006) -99.4416 33.1086 WGS84 2,655.63 -- 58.46 36.54 1.60 
USEPA (2006) -93.9490 35.1066 WGS84 61.00 -- 6.11 11.21 0.55 
USEPA (2006) -79.8299 37.0492 WGS84 306.47 -- 19.22 23.44 0.82 
USEPA (2006) -77.6598 39.0446 WGS84 248.37 -- 19.32 20.64 0.94 
USEPA (2006) -104.6781 38.1608 WGS84 9,452.94 -- 34.04 43.54 0.78 
USEPA (2006) -105.0560 39.8925 WGS84 181.37 -- 4.25 7.99 0.53 
USEPA (2006) -103.8042 37.4215 WGS84 5,411.12 -- 50.28 26.19 1.92 
USEPA (2006) -103.8207 37.7904 WGS84 701.30 -- 4.32 9.31 0.46 
USEPA (2006) -116.7320 47.1088 WGS84 5.98 -- 1.91 2.92 0.65 
USEPA (2006) -104.7699 46.4707 WGS84 1,906.07 -- 5.81 12.05 0.48 
USEPA (2006) -109.7689 46.2509 WGS84 211.22 -- 2.25 4.51 0.50 
USEPA (2006) -104.5573 48.4884 WGS84 2,266.14 -- 10.06 14.18 0.71 
USEPA (2006) -105.3165 45.3190 WGS84 4,612.72 -- 4.82 8.04 0.60 
USEPA (2006) -107.3076 48.9118 WGS84 86.77 -- 4.27 6.90 0.62 
USEPA (2006) -106.1608 45.2467 WGS84 481.10 -- 4.28 14.27 0.30 
USEPA (2006) -106.9564 48.6203 WGS84 638.27 -- 5.35 12.53 0.43 
USEPA (2006) -98.0745 48.9211 WGS84 2,877.87 -- 56.18 31.05 1.81 





Table B.13 (cont’d). 















USEPA (2006) -101.7329 46.5892 WGS84 4,800.63 -- 33.34 23.51 1.42 
USEPA (2006) -103.5468 46.9092 WGS84 16,042.17 -- 104.80 55.96 1.87 
USEPA (2006) -101.9296 46.3389 WGS84 3,096.67 -- 35.44 22.54 1.57 
USEPA (2006) -101.4303 47.1309 WGS84 42.37 -- 6.18 11.45 0.54 
USEPA (2006) -101.2490 46.6182 WGS84 7,504.44 -- 46.14 32.33 1.43 
USEPA (2006) -101.8080 47.2558 WGS84 1,520.97 -- 25.52 11.60 2.20 
USEPA (2006) -102.1925 47.3046 WGS84 932.90 -- 5.41 8.50 0.64 
USEPA (2006) -102.1363 46.6995 WGS84 3,815.19 -- 11.97 17.56 0.68 
USEPA (2006) -101.4971 46.0381 WGS84 4,231.10 -- 39.87 21.93 1.82 
USEPA (2006) -101.6636 48.4256 WGS84 4,595.74 -- 3.55 5.82 0.61 
USEPA (2006) -103.6365 47.2075 WGS84 17,340.40 -- 37.80 60.26 0.63 
USEPA (2006) -102.8884 46.9902 WGS84 600.03 -- 4.75 7.80 0.61 
USEPA (2006) -102.0250 46.0477 WGS84 2,623.58 -- 12.20 12.43 0.98 
USEPA (2006) -103.5634 46.5463 WGS84 699.02 -- 6.16 6.39 0.96 
USEPA (2006) -102.7779 48.2096 WGS84 2,206.17 -- 22.38 20.86 1.07 
USEPA (2006) -101.1189 47.0612 WGS84 494.04 -- 20.35 15.23 1.34 
USEPA (2006) -100.4367 43.6883 WGS84 382.76 -- 37.79 12.30 3.07 
USEPA (2006) -103.9038 44.6489 WGS84 300.31 -- 5.96 5.65 1.05 
USEPA (2006) -101.5017 45.2035 WGS84 9,577.10 -- 21.88 28.32 0.77 
USEPA (2006) -102.6872 45.3100 WGS84 325.33 -- 12.93 11.29 1.15 
USEPA (2006) -101.8391 45.6873 WGS84 9,187.15 -- 12.66 18.40 0.69 
USEPA (2006) -103.1544 43.9365 WGS84 551.35 -- 21.01 12.29 1.71 
USEPA (2006) -99.1810 43.0495 WGS84 889.33 -- 2.88 8.11 0.35 





Table B.13 (cont’d). 















USEPA (2006) -101.3102 44.7471 WGS84 122.52 -- 4.67 8.25 0.57 
USEPA (2006) -103.2788 44.3858 WGS84 88.28 -- 3.68 5.13 0.72 
USEPA (2006) -99.0430 43.1798 WGS84 359.18 -- 10.36 9.19 1.13 
USEPA (2006) -103.2196 44.4741 WGS84 496.05 -- 8.68 8.63 1.01 
USEPA (2006) -99.4515 43.8218 WGS84 58.17 -- 6.43 7.37 0.87 
USEPA (2006) -99.3655 43.1557 WGS84 548.49 -- 4.80 7.97 0.60 
USEPA (2006) -100.0917 43.6771 WGS84 508.25 -- 4.12 8.10 0.51 
USEPA (2006) -100.9506 44.1127 WGS84 4,665.84 -- 5.27 11.15 0.47 
USEPA (2006) -100.7624 43.5708 WGS84 3598.11 -- 16.10 33.55 0.48 
USEPA (2006) -103.7865 43.3139 WGS84 543.16 -- 69.74 17.24 4.05 
USEPA (2006) -110.7459 41.6527 WGS84 85.22 -- 1.33 3.25 0.41 
USEPA (2006) -106.3394 43.6825 WGS84 2,083.64 -- 31.71 25.65 1.24 
USEPA (2006) -108.1974 43.8871 WGS84 1,064.17 -- 5.72 10.48 0.55 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS-84=World Geodetic System of 1984. 





Table B.14: HLR 14 Dataset. 















Foster (2012) -109.467000 43.454000 NAD84 1105.93 -- 36.58 45.64 0.80 
Foster (2012) -107.404000 44.508000 NAD84 59.83 -- 7.69 9.57 0.80 
Foster (2012) -107.713000 44.565000 NAD84 375.55 -- 16.92 23.08 0.73 
Foster (2012) -107.305000 44.849000 NAD84 533.54 -- 25.57 29.42 0.87 
Foster (2012) -107.081000 44.028000 NAD84 63.46 -- 5.36 13.08 0.41 
Lawlor (2004) -115.6056 48.3447 NAD27 28.75 3.68 4.07 7.62 0.55 
Lawlor (2004) -113.9239 46.8878 NAD27 14.58 0.25 0.21 1.34 0.16 
Lawlor (2004) -113.7981 47.8850 NAD27 33.67 6.80 6.64 7.93 0.82 
Lawlor (2004) -112.9186 46.2789 NAD27 102.31 7.79 4.96 7.62 0.67 
Lawlor (2004) -114.0258 47.4917 NAD27 19.61 5.58 2.72 5.49 0.49 
Lawlor (2004) -113.9478 46.1611 NAD27 227.40 10.62 6.06 10.06 0.61 
USEPA (2006) -111.9534 34.6793 WGS84 9,460.48 --2 20.00 27.00 0.74 
USEPA (2006) -116.7696 33.7717 WGS84 12.31 -- 1.19 3.54 0.34 
USEPA (2006) -116.9744 34.1647 WGS84 3.67 -- 0.56 2.18 0.25 
USEPA (2006) -118.1806 34.2391 WGS84 36.98 -- 3.99 11.55 0.35 
USEPA (2006) -118.0487 34.3472 WGS84 10.61 -- 2.18 3.33 0.65 
USEPA (2006) -116.7483 33.7982 WGS84 11.03 -- 0.84 5.12 0.16 
USEPA (2006) -116.9839 34.1762 WGS84 6.85 -- 0.64 2.61 0.25 
USEPA (2006) -119.0751 34.3955 WGS84 110.78 -- 4.28 10.46 0.41 
USEPA (2006) -118.7597 37.5500 WGS84 30.82 -- 1.40 4.40 0.32 
USEPA (2006) -116.6735 33.7296 WGS84 5.79 -- 0.51 2.45 0.21 
USEPA (2006) -116.5489 33.7605 WGS84 22.41 -- 0.68 3.31 0.20 
USEPA (2006) -118.2301 34.2877 WGS84 242.64 -- 2.59 4.99 0.52 
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USEPA (2006) -105.3990 37.5961 WGS84 6.12 -- 0.33 2.40 0.14 
USEPA (2006) -113.2323 44.0551 WGS84 1,375.05 -- 8.22 11.98 0.69 
USEPA (2006) -112.0773 42.8525 WGS84 24.16 -- 2.59 4.18 0.62 
USEPA (2006) -113.6568 44.2722 WGS84 145.77 -- 3.77 11.44 0.33 
USEPA (2006) -111.1706 45.7239 WGS84 2,426.63 -- 1.40 4.66 0.30 
USEPA (2006) -112.3092 45.3301 WGS84 23.16 -- 0.21 1.76 0.12 
USEPA (2006) -113.2030 45.0654 WGS84 43.82 -- 0.53 2.66 0.20 
USEPA (2006) -116.3259 40.6898 WGS84 5.62 -- 1.99 2.81 0.71 
USEPA (2006) -115.3422 40.9095 WGS84 29.02 -- 6.96 7.09 0.98 
USEPA (2006) -119.1158 39.1283 WGS84 5,874.97 -- 71.10 31.29 2.27 
USEPA (2006) -115.9668 41.5704 WGS84 6.62 -- 2.50 3.32 0.75 
USEPA (2006) -115.7215 40.5375 WGS84 1,998.79 -- 11.67 12.00 0.97 
USEPA (2006) -116.7218 40.3294 WGS84 103.82 -- 2.07 3.73 0.55 
USEPA (2006) -117.0586 39.2180 WGS84 81.80 -- 2.07 3.04 0.68 
USEPA (2006) -114.7001 39.3970 WGS84 65.87 -- 0.86 3.15 0.27 
USEPA (2006) -117.0573 39.4006 WGS84 16.67 -- 0.64 2.43 0.26 
USEPA (2006) -114.8124 39.6227 WGS84 2,562.12 -- 2.90 10.98 0.26 
USEPA (2006) -115.2234 40.9032 WGS84 2.11 -- 0.43 1.80 0.24 
USEPA (2006) -115.0990 41.0782 WGS84 6.43 -- 1.01 4.46 0.23 
USEPA (2006) -115.0540 38.4339 WGS84 14.11 -- 0.49 4.11 0.12 
USEPA (2006) -116.3475 41.0919 WGS84 11.24 -- 0.43 2.50 0.17 
USEPA (2006) -115.5963 38.1301 WGS84 45.38 -- 1.72 5.13 0.34 
USEPA (2006) -115.5012 40.6749 WGS84 13.66 -- 2.53 6.32 0.40 
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USEPA (2006) -116.9120 34.1813 WGS84 16.04 -- 0.63 3.32 0.19 
USEPA (2006) -117.0107 34.1010 WGS84 95.23 -- 1.97 6.20 0.32 
USEPA (2006) -117.5317 34.2526 WGS84 23.50 -- 0.47 3.68 0.13 
USEPA (2006) -117.2588 34.1840 WGS84 21.56 -- 0.40 3.13 0.13 
USEPA (2006) -116.8429 34.1333 WGS84 3.61 -- 0.33 3.32 0.10 
USEPA (2006) -109.9103 40.6580 WGS84 11.52 -- 6.29 7.95 0.79 
USEPA (2006) -113.6630 37.1333 WGS84 1,105.81 -- 30.78 15.18 2.03 
USEPA (2006) -111.8753 40.7939 WGS84 43.79 -- 7.92 8.70 0.91 
USEPA (2006) -113.7161 37.3187 WGS84 356.90 -- 19.59 14.27 1.37 
USEPA (2006) -113.8162 39.8447 WGS84 14.29 -- 1.60 2.55 0.63 
USEPA (2006) -110.1850 40.7137 WGS84 230.88 -- 12.37 15.82 0.78 
USEPA (2006) -111.9168 40.5322 WGS84 7,756.64 -- 25.40 22.00 1.15 
USEPA (2006) -113.7093 41.7979 WGS84 18.21 -- 2.82 4.00 0.70 
USEPA (2006) -120.2816 48.5085 WGS84 1,135.04 -- 31.84 41.20 0.77 
USEPA (2006) -110.9091 43.8590 WGS84 11.79 -- 8.06 14.07 0.57 
USEPA (2006) -107.4371 44.1214 WGS84 58.65 -- 0.79 2.30 0.35 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS-84=World Geodetic System of 1984. 
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Castro (2001) -116.1625 46.3717 NAD83 629.37 37.13 25.74 22.87 1.13 
Castro (2001) -115.9767 46.0864 NAD83 2,978.50 152.79 83.64 60.98 1.37 
Castro (2001) -117.1517 46.3264 NAD27 440.30 14.95 5.76 8.54 0.67 
Castro (2001) -117.4500 45.9458 NAD27 8,482.25 316.06 107.81 60.98 1.77 
Castro (2001) -118.9053 44.4186 NAD27 999.74 15.01 13.75 25.00 0.55 
Castro (2001) -116.4917 47.1764 NAD27 712.25 57.80 30.02 28.96 1.04 
Castro (2001) -118.0653 46.5056 NAD27 1,116.29 26.31 10.04 13.72 0.73 
Castro (2001) -118.7917 45.6722 NAD27 1,649.83 68.22 43.03 36.59 1.19 
Castro (2001) -120.4789 46.8628 NAD27 4,128.46 303.03 149.26 67.07 2.23 
Castro (2001) -120.4661 46.5344 NAD27 9,010.61 227.61 153.90 70.12 2.20 
Emmet (1975) -114.9303 44.2225 NAD27 380.73 28.32 18.59 24.39 0.76 
USEPA (2006) -118.7591 34.4396 WGS84 1,119.28 --2 6.80 17.61 0.39 
USEPA (2006) -120.0530 34.7477 WGS84 19.68 -- 0.82 3.92 0.21 
USEPA (2006) -120.1938 34.5940 WGS84 39.13 -- 3.32 7.77 0.43 
USEPA (2006) -116.9547 44.6620 WGS84 6.92 -- 4.37 7.63 0.57 
USEPA (2006) -116.6191 45.8614 WGS84 27.60 -- 11.12 11.65 0.95 
USEPA (2006) -116.7799 43.2326 WGS84 16.80 -- 9.91 9.28 1.07 
USEPA (2006) -111.4436 42.7299 WGS84 12.72 -- 0.97 2.96 0.33 
USEPA (2006) -111.4772 42.3766 WGS84 38.87 -- 4.13 6.12 0.68 
USEPA (2006) -116.7464 46.3647 WGS84 348.08 -- 6.03 9.48 0.64 
USEPA (2006) -115.2188 42.0074 WGS84 80.77 -- 2.79 5.91 0.47 
USEPA (2006) -112.1456 42.2136 WGS84 10.81 -- 2.17 3.55 0.61 
USEPA (2006) -110.8691 46.9309 WGS84 1.86 -- 0.15 1.15 0.13 
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USEPA (2006) -116.9006 40.3167 WGS84 5.54 -- 1.74 2.73 0.64 
USEPA (2006) -115.2281 41.7153 WGS84 37.67 -- 7.67 10.82 0.71 
USEPA (2006) -114.8218 39.4010 WGS84 1,712.22 -- 6.82 5.77 1.18 
USEPA (2006) -114.9500 41.9929 WGS84 4.81 -- 0.13 1.32 0.10 
USEPA (2006) -114.8820 41.3638 WGS84 2.01 -- 0.10 0.92 0.11 
USEPA (2006) -115.7037 41.8069 WGS84 16.63 -- 0.35 1.85 0.19 
USEPA (2006) -120.5756 42.2377 WGS84 5.80 -- 0.86 2.95 0.29 
USEPA (2006) -117.0896 45.8888 WGS84 34.07 -- 1.73 4.75 0.36 
USEPA (2006) -118.2938 42.0439 WGS84 20.10 -- 1.34 4.33 0.31 
USEPA (2006) -118.6412 44.3335 WGS84 1.24 -- 0.26 1.52 0.17 
USEPA (2006) -118.6661 45.0933 WGS84 28.39 -- 1.89 5.61 0.34 
USEPA (2006) -119.0319 44.5391 WGS84 4.57 -- 0.70 2.03 0.35 
USEPA (2006) -118.8788 44.8376 WGS84 21.37 -- 2.93 7.02 0.42 
USEPA (2006) -118.4784 44.5320 WGS84 37.08 -- 2.21 5.12 0.43 
USEPA (2006) -118.4106 44.5836 WGS84 49.36 -- 0.89 2.52 0.35 
USEPA (2006) -120.1012 45.0977 WGS84 129.45 -- 1.61 5.21 0.31 
USEPA (2006) -118.5129 44.4324 WGS84 30.37 -- 1.98 7.25 0.27 
USEPA (2006) -118.4907 44.5759 WGS84 46.51 -- 1.64 5.41 0.30 
USEPA (2006) -121.0033 44.8453 WGS84 35.39 -- 2.96 6.39 0.46 
USEPA (2006) -118.7358 45.1722 WGS84 160.15 -- 5.95 9.92 0.60 
USEPA (2006) -119.4132 44.7565 WGS84 538.76 -- 18.00 13.65 1.32 
USEPA (2006) -119.4451 45.3683 WGS84 79.92 -- 0.96 1.23 0.78 
USEPA (2006) -120.5317 42.5684 WGS84 2.57 -- 0.50 1.14 0.44 
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USEPA (2006) -119.1499 45.0247 WGS84 17.41 -- 1.60 4.10 0.39 
USEPA (2006) -119.2591 44.3747 WGS84 0.56 -- 0.57 1.53 0.37 
USEPA (2006) -118.6797 44.3984 WGS84 49.98 -- 2.21 6.76 0.33 
USEPA (2006) -117.4231 44.8986 WGS84 23.74 -- 1.07 3.03 0.35 
USEPA (2006) -119.2988 44.9714 WGS84 29.69 -- 2.51 5.64 0.45 
USEPA (2006) -118.6649 45.0512 WGS84 7.20 -- 0.47 2.25 0.21 
USEPA (2006) -119.8026 44.9987 WGS84 12.59 -- 1.00 1.89 0.53 
USEPA (2006) -119.2995 44.6183 WGS84 322.03 -- 4.62 9.77 0.47 
USEPA (2006) -119.9770 44.2685 WGS84 11.04 -- 1.03 2.90 0.35 
USEPA (2006) -118.9770 45.0343 WGS84 1,037.57 -- 9.73 14.87 0.65 
USEPA (2006) -118.9501 44.7110 WGS84 16.07 -- 0.82 2.45 0.34 
USEPA (2006) -119.9519 45.1674 WGS84 218.31 -- 1.96 6.14 0.32 
USEPA (2006) -119.5931 44.2774 WGS84 15.61 -- 5.73 5.35 1.07 
USEPA (2006) -118.5497 44.9551 WGS84 6.24 -- 1.83 3.94 0.46 
USEPA (2006) -118.6072 44.9617 WGS84 0.59 -- 1.08 3.39 0.32 
USEPA (2006) -120.9859 42.3229 WGS84 141.88 -- 3.19 6.63 0.48 
USEPA (2006) -119.8136 44.4428 WGS84 97.35 -- 3.39 7.05 0.48 
USEPA (2006) -119.3499 45.0504 WGS84 38.85 -- 10.56 14.35 0.74 
USEPA (2006) -119.6512 44.3454 WGS84 31.41 -- 2.19 5.24 0.42 
USEPA (2006) -119.6373 44.6233 WGS84 17.34 -- 1.48 4.51 0.33 
USEPA (2006) -119.2186 45.0913 WGS84 39.45 -- 2.82 7.22 0.39 
USEPA (2006) -119.0453 45.0854 WGS84 108.95 -- 5.69 10.26 0.55 
USEPA (2006) -119.5910 44.8447 WGS84 13.67 -- 2.26 3.77 0.60 
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USEPA (2006) -118.7299 44.2569 WGS84 2.99 -- 0.54 2.60 0.21 
USEPA (2006) -118.8279 42.7587 WGS84 55.89 -- 3.97 8.24 0.48 
USEPA (2006) -103.6638 44.2763 WGS84 31.97 -- 1.03 2.55 0.40 
USEPA (2006) -111.6127 41.8193 WGS84 367.00 -- 19.84 15.82 1.25 
USEPA (2006) -111.6149 39.8567 WGS84 64.09 -- 6.28 8.13 0.77 
USEPA (2006) -120.9786 46.1519 WGS84 37.79 -- 7.29 6.97 1.05 
USEPA (2006) -120.8677 46.9470 WGS84 23.03 -- 7.32 5.67 1.29 
USEPA (2006) -117.6392 46.0943 WGS84 7.91 -- 1.57 4.02 0.39 
USEPA (2006) -117.4815 46.2596 WGS84 20.44 -- 7.72 5.12 1.51 
USEPA (2006) -106.3223 42.7351 WGS84 1.01 -- 0.84 1.92 0.44 
USEPA (2006) -108.5160 42.5923 WGS84 75.57 -- 1.21 4.04 0.30 
USEPA (2006) -107.2480 43.8183 WGS84 71.40 -- 1.11 5.56 0.20 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -122.2036 48.8106 NAD27 1,512.56 330.50 202.14 76.22 2.65 
Castro (2001) -123.3972 43.1333 NAD27 4,325.30 281.03 284.39 103.66 2.74 
Castro (2001) -124.0694 42.8917 NAD27 437.71 69.30 52.23 45.73 1.13 
Castro (2001) -122.1322 48.6644 NAD27 266.77 215.41 69.70 38.11 1.83 
Chaplin (2005) -76.9028 39.4894 NAD83 36.26 15.83 9.85 13.54 0.73 
Chaplin (2005) -77.2311 41.4736 NAD27 97.64 37.89 28.07 28.11 1.00 
Chaplin (2005) -80.2914 41.9919 NAD27 11.53 4.33 2.24 8.87 0.26 
Chaplin (2005) -79.6997 40.7158 NAD27 354.83 79.86 50.00 34.15 1.46 
Chaplin (2005) -77.0150 41.7908 NAD27 31.60 19.40 14.13 21.71 0.76 
Chaplin (2005) -77.2736 41.8425 NAD27 192.44 74.37 44.52 33.23 1.33 
Chaplin (2005) -78.0278 41.5189 NAD27 471.38 117.45 69.80 54.57 1.26 
Chaplin (2005) -75.6017 40.1514 NAD27 153.07 40.78 29.37 26.55 1.11 
Chaplin (2005) -78.7189 41.7664 NAD27 120.18 25.21 16.45 19.05 0.86 
Chaplin (2005) -79.3217 39.8203 NAD27 313.39 91.33 56.32 49.09 1.15 
Chaplin (2005) -79.1103 40.8361 NAD27 226.37 59.27 47.68 30.49 1.55 
Chaplin (2005) -75.6803 40.2728 NAD27 221.45 66.27 43.49 27.47 1.58 
Chaplin (2005) -76.5350 41.3569 NAD27 61.64 38.52 20.45 20.88 0.98 
Chaplin (2005) -79.0169 40.2661 NAD27 8.94 2.01 3.14 8.32 0.38 
Chaplin (2005) -75.5028 40.8975 NAD27 129.24 22.23 22.12 25.15 0.84 
Chaplin (2005) -78.5769 41.6311 NAD27 20.31 7.08 7.51 10.91 0.70 
Chaplin (2005) -75.8508 39.9722 NAD27 6.66 4.05 2.23 5.43 0.41 
Chaplin (2005) -76.1194 41.7069 NAD27 30.56 11.19 7.46 17.80 0.32 
Chaplin (2005) -78.2928 41.5789 NAD27 13.57 3.31 3.98 13.54 0.41 
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Chaplin (2005) -75.8278 39.9856 NAD27 118.62 31.07 16.64 23.66 0.71 
Chaplin (2005) -75.8611 40.0728 NAD27 48.43 9.43 11.90 17.50 0.68 
Chaplin (2005) -78.6925 41.5753 NAD27 163.17 50.69 29.28 29.63 0.90 
Chaplin (2005) -79.8506 42.0817 NAD27 135.46 27.75 29.00 19.33 1.53 
Chaplin (2005) -78.5833 41.2161 NAD27 21.60 5.44 4.31 8.57 0.52 
Chaplin (2005) -80.0483 41.6906 NAD27 80.29 30.02 16.73 22.35 0.76 
Chaplin (2005) -76.8983 40.2247 NAD27 559.44 68.17 60.78 38.72 1.57 
Chaplin (2005) -77.6911 41.3894 NAD27 119.66 22.09 19.80 25.82 0.79 
Cinotto (2003) -76.9028 39.4894 NAD83 36.26 15.83 9.85 13.54 0.73 
Cinotto (2003) -75.6803 40.2728 NAD27 221.45 66.27 43.49 27.47 1.58 
Cinotto (2003) -75.6017 40.1514 NAD27 153.07 40.78 29.37 26.55 1.11 
Cinotto (2003) -75.8611 40.0728 NAD27 48.43 9.43 11.90 17.50 0.68 
Cinotto (2003) -75.8278 39.9856 NAD27 118.62 31.07 16.64 23.66 0.71 
Cinotto (2003) -75.8508 39.9722 NAD27 6.66 4.05 2.23 5.43 0.41 
Cinotto (2003) -75.8017 39.9617 NAD27 142.45 46.53 24.91 29.57 0.84 
Dutnell (2010) -94.8383 35.9211 NAD27 795.13 103.03 64.71 51.74 1.25 
Harman et al. 
(2000) -82.8247 35.1433 NAD83 175.86 91.36 50.64 25.12 2.01 
Harman et al. 
(2000) -82.5950 35.3981 NAD83 172.75 64.09 30.95 22.65 1.37 
Harman et al. 
(2000) -82.7058 35.2731 NAD83 104.64 41.26 29.37 26.71 1.10 
Harman et al. 
(2000) -82.9375 35.3961 NAD83 71.48 68.90 25.83 24.57 1.04 
Harman et al. 
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Harman et al. 
(2000) -81.8222 36.2392 NAD83 238.54 98.90 53.16 42.77 1.25 
Harman et al. 
(2000) -82.7833 35.2111 NAD27 30.30 13.31 8.75 11.59 0.76 
Keaton et al. 
(2005) -80.2908 37.9075 NAD27 372.96 66.55 50.84 37.20 1.37 
Keaton et al. 
(2005) -78.8369 38.2186 NAD27 549.08 94.59 56.05 40.85 1.37 
Lawrence 
(2003) -123.2903 45.6722 NAD27 11.16 0.00 1.38 5.91 0.23 
Lawrence 
(2003) -123.0847 43.6417 NAD27 186.74 0.00 7.62 19.09 0.40 
Lawrence 
(2003) -122.6375 43.9708 NAD27 305.62 0.00 15.80 30.67 0.52 
Lawrence 
(2003) -123.3692 45.6436 NAD27 18.91 0.00 3.51 10.52 0.34 
Lawrence 
(2003) -123.3486 45.3111 NAD27 17.87 0.00 3.35 8.84 0.38 
Lawrence 
(2003) -123.4250 44.0500 NAD27 231.29 28.04 8.56 14.51 0.59 
Lawrence 
(2003) -122.4564 43.6019 NAD27 668.22 0.00 42.38 36.92 1.15 
Lawrence 
(2003) -123.3778 45.3653 NAD27 23.39 4.81 5.46 10.24 0.53 
Lawrence 
(2003) -123.3500 45.3056 NAD27 8.26 0.00 2.57 7.32 0.35 
Lawrence 
(2003) -122.7403 43.7125 NAD27 14.74 0.00 1.25 5.88 0.21 
Lawrence 
(2003) -123.3839 44.9153 NAD27 70.97 0.00 6.43 15.18 0.42 
Lawrence 
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(2009) -80.2494 36.7783 NAD27 68.12 32.29 15.99 20.91 0.76 
McCandless 
(2003a) -79.3939 39.6561 NAD83 126.65 32.06 19.33 21.10 0.91 
McCandless 
(2003a) -79.1364 39.7019 NAD83 161.88 47.83 37.39 38.35 0.98 
McCandless 
(2003a) -79.3067 39.3017 NAD83 189.33 76.86 55.55 35.27 1.59 
McCandless 
(2003a) -79.1019 39.5700 NAD83 127.17 36.14 23.56 22.87 1.04 
McCandless 
(2003a) -79.0486 39.7261 NAD27 63.46 21.69 16.39 19.42 0.85 
McCandless 
(2003a) -79.1597 39.5000 NAD27 43.25 12.55 6.88 11.07 0.61 
McCandless 
(2003a) -78.9650 39.6822 NAD27 3.89 1.10 1.46 4.27 0.34 
McCandless 
















-76.1028 39.6583 NAD27 13.75 17.39 9.00 15.58 0.58 
Messinger 
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(2009) -80.8369 38.1411 NAD27 60.87 23.53 24.81 17.90 1.38 
Messinger 
(2009) -80.2908 37.9075 NAD27 372.96 176.15 56.69 41.46 1.37 
Messinger 
(2009) -79.4686 39.1269 NAD27 222.48 46.16 56.88 33.23 1.71 
Messinger 
(2009) -81.1278 37.5042 NAD27 82.88 64.00 21.65 27.71 0.78 
Messinger 
(2009) -81.7075 37.6231 NAD27 326.34 120.36 54.09 33.54 1.61 
Messinger 
(2009) -80.5267 38.2953 NAD27 208.24 48.71 36.25 32.93 1.10 
Messinger 
(2009) -82.2961 38.0172 NAD27 97.13 27.24 22.12 20.73 1.07 
Messinger 
(2009) -80.5256 38.7433 NAD27 290.08 91.76 63.29 48.78 1.30 
Messinger 
(2009) -81.0950 37.8447 NAD27 347.06 137.35 51.77 39.94 1.30 
Messinger 
(2009) -81.8300 38.1000 NAD27 31.60 20.33 15.06 12.62 1.19 
Messinger 
(2009) -80.1528 38.9639 NAD27 37.04 11.33 8.58 15.64 0.55 
Messinger 
(2009) -80.4569 37.6847 NAD27 209.27 74.20 31.32 34.76 0.90 
Mulvihill 
(2005) -79.4075 42.1536 NAD27 23.47 0.00 14.22 26.22 0.55 
Mulvihill 
(2005) -77.5758 42.3669 NAD27 16.37 0.00 4.27 6.83 0.61 
Mulvihill 
(2005) -76.2897 42.1383 NAD27 391.09 0.00 71.38 92.68 0.76 
Mulvihill 
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(2005) -76.5453 42.3931 NAD27 91.17 0.00 19.80 18.87 1.04 
Mulvihill 
(2005) -79.0694 42.1708 NAD27 751.10 0.00 39.59 63.11 0.64 
Mulvihill 
(2005) -76.9256 42.1786 NAD27 13.96 0.00 4.82 10.12 0.49 
Mulvihill 
(2005) -77.3581 42.3883 NAD27 173.01 0.00 12.64 19.30 0.64 
Mulvihill 
(2005) -78.5258 42.4078 NAD27 13.26 0.00 5.16 10.67 0.49 
Mulvihill 
(2005) -77.6725 42.4711 NAD27 8.16 0.00 2.09 6.34 0.34 
Mulvihill 
(2006) -76.0622 42.9339 NAD27 83.40 15.55 11.80 21.62 0.55 
Mulvihill 
(2006) -77.0683 42.9578 NAD27 264.18 48.71 28.25 27.80 1.01 
Mulvihill 
(2007) -73.6894 41.4758 NAD83 10.20 5.55 7.19 15.43 0.46 
Mulvihill 
(2007) -74.1161 41.1411 NAD83 31.86 9.18 11.91 14.12 0.85 
Mulvihill 
(2007) -74.4011 42.1247 NAD83 29.53 8.41 5.14 10.84 0.49 
Mulvihill 
(2007) -74.1689 41.1403 NAD27 225.07 60.04 34.14 36.62 0.95 
Mulvihill 
(2007) -73.5206 42.1539 NAD27 71.23 19.54 17.57 16.59 1.07 
Mulvihill 
(2007) -73.5919 42.5519 NAD27 24.55 6.43 8.27 11.68 0.70 
Mulvihill 
(2007) -74.7222 43.7439 NAD27 3.32 2.24 2.31 4.33 0.55 
Mulvihill 
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(2007) -74.8331 43.3928 NAD27 8.50 3.77 4.70 10.52 0.46 
Mulvihill 
(2007) -74.6994 44.6831 NAD27 51.80 15.58 14.31 22.04 0.64 
Mulvihill 
(2007) -75.3347 43.7472 NAD27 229.73 68.54 49.35 39.33 1.25 
Mulvihill 
(2007) -75.1108 43.6103 NAD27 940.17 182.38 205.20 69.82 2.93 
Mulvihill 
(2007) -73.4222 43.1086 NAD27 1,025.64 178.99 147.21 60.06 2.44 
Mulvihill 
(2007) -74.4483 41.9669 NAD27 23.13 33.70 9.45 14.68 0.62 
Mulvihill 
(2007) -74.4475 42.4061 NAD27 28.23 9.69 9.45 14.68 0.62 
Mulvihill 
(2007) -74.4739 41.9583 NAD27 34.45 56.07 10.31 15.48 0.65 
Mulvihill 
(2007) -74.5397 41.8450 NAD27 54.13 34.83 8.59 13.89 0.60 
Mulvihill 
(2007) -74.4133 42.3769 NAD27 83.92 22.74 12.04 17.07 0.70 
Mulvihill 
(2007) -74.3806 42.1169 NAD27 164.98 78.45 5.14 10.70 0.49 
Mulvihill 
(2007) -74.5903 41.8900 NAD27 172.49 118.38 5.14 10.70 0.49 
Mulvihill 
(2007) -74.8189 42.1200 NAD27 85.99 25.89 5.14 10.68 0.50 
Mulvihill 
(2008) -74.6958 42.1331 NAD27 90.39 33.14 5.14 10.73 0.49 
Mulvihill 
(2009) -74.5000 41.9958 NAD83 9.63 7.67 5.14 10.84 0.49 
Mulvihill 
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(2013) -86.436300 39.292800 NAD84 1.740000  4.06 10.67 0.37 
Sherwood and 
Huitger, (2005) -80.7253 40.5378 NAD27 380.73 82.70 56.25 38.48 1.48 
USEPA (2006) -69.0150 47.1111 WGS84 10.70 --2 2.11 7.37 0.29 
USEPA (2006) -68.9079 47.1699 WGS84 24.82 -- 3.90 6.22 0.63 
USEPA (2006) -69.4386 46.4354 WGS84 37.08 -- 2.68 8.65 0.31 
USEPA (2006) -70.0998 45.6904 WGS84 39.22 -- 4.65 11.89 0.39 
USEPA (2006) -69.8485 45.9450 WGS84 10.71 -- 2.31 6.05 0.38 
USEPA (2006) -72.8594 44.7831 WGS84 92.72 -- 5.94 9.75 0.61 
USEPA (2006) -72.1368 44.8061 WGS84 82.39 -- 12.25 16.85 0.73 
USEPA (2006) -70.7556 45.3761 WGS84 47.93 -- 4.00 11.01 0.36 
USEPA (2006) -71.2804 45.0283 WGS84 33.02 -- 6.12 11.42 0.54 
USEPA (2006) -70.0166 45.1809 WGS84 27.07 -- 4.61 12.08 0.38 
USEPA (2006) -72.4543 44.2811 WGS84 413.19 -- 15.89 21.85 0.73 
USEPA (2006) -72.0714 44.5808 WGS84 78.54 -- 10.52 15.44 0.68 
USEPA (2006) -70.8574 44.5631 WGS84 47.31 -- 7.27 14.04 0.52 
USEPA (2006) -69.5570 44.9834 WGS84 114.85 -- 8.94 21.85 0.41 
USEPA (2006) -72.7115 43.9460 WGS84 111.36 -- 14.51 18.14 0.80 
USEPA (2006) -71.9818 43.6961 WGS84 25.46 -- 3.92 8.99 0.44 
USEPA (2006) -71.1469 43.7479 WGS84 79.59 -- 6.60 15.13 0.44 
USEPA (2006) -72.3491 43.1519 WGS84 32.01 -- 6.33 8.01 0.79 
USEPA (2006) -72.5282 42.5346 WGS84 62.76 -- 5.41 11.91 0.45 
USEPA (2006) -71.9962 42.9110 WGS84 70.89 -- 4.35 11.40 0.38 
USEPA (2006) -72.3036 41.9508 WGS84 133.77 -- 6.02 15.05 0.40 
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USEPA (2006) -72.1953 41.5979 WGS84 24.54 -- 4.42 12.46 0.35 
USEPA (2006) -83.4556 36.9126 WGS84 11.37 -- 7.80 9.53 0.82 
USEPA (2006) -75.8136 40.0011 WGS84 3.35 -- 1.61 4.21 0.38 
USEPA (2006) -83.2371 34.7425 WGS84 1.94 -- 2.14 3.28 0.65 
USEPA (2006) -84.5562 34.7750 WGS84 40.86 -- 3.65 12.18 0.30 
USEPA (2006) -74.1162 41.4184 WGS84 5.73 -- 1.43 4.63 0.31 
USEPA (2006) -78.8924 41.3180 WGS84 4.15 -- 0.49 2.45 0.20 
USEPA (2006) -78.3196 42.1170 WGS84 8.24 -- 3.48 5.55 0.63 
USEPA (2006) -75.7890 42.9600 WGS84 3.00 -- 3.51 7.57 0.46 
USEPA (2006) -79.3615 39.6555 WGS84 78.03 -- 5.94 13.35 0.45 
USEPA (2006) -74.5238 44.3187 WGS84 18.38 -- 2.23 7.90 0.28 
USEPA (2006) -80.6358 41.1162 WGS84 40.01 -- 5.20 6.57 0.79 
USEPA (2006) -76.5546 42.7033 WGS84 0.35 -- 1.76 4.30 0.41 
USEPA (2006) -93.6033 34.9860 WGS84 237.15 -- 16.03 18.75 0.85 
USEPA (2006) -76.6488 39.8165 WGS84 9.56 -- 1.38 5.43 0.25 
USEPA (2006) -78.0053 41.8539 WGS84 2.30 -- 0.92 3.26 0.28 
USEPA (2006) -81.2427 36.5628 WGS84 0.16 -- 0.35 1.40 0.25 
USEPA (2006) -91.7425 35.5433 WGS84 11.63 -- 5.08 7.55 0.67 
USEPA (2006) -81.1543 36.5421 WGS84 4.23 -- 1.77 3.87 0.46 
USEPA (2006) -80.1889 38.8203 WGS84 12.56 -- 3.16 7.74 0.41 
USEPA (2006) -73.4803 42.6052 WGS84 24.20 -- 3.46 8.65 0.40 
USEPA (2006) -74.8550 43.6963 WGS84 13.63 -- 4.37 21.86 0.20 
USEPA (2006) -80.2189 40.7563 WGS84 108.27 -- 5.00 14.11 0.35 
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USEPA (2006) -77.1319 41.7561 WGS84 28.35 -- 2.27 7.55 0.30 
USEPA (2006) -77.9185 42.6645 WGS84 0.37 -- 0.12 1.22 0.10 
USEPA (2006) -82.7110 38.6081 WGS84 5.06 -- 4.57 5.98 0.76 
USEPA (2006) -81.5104 36.1118 WGS84 2.86 -- 1.42 4.15 0.34 
USEPA (2006) -75.5138 41.8628 WGS84 12.95 -- 2.10 5.92 0.35 
USEPA (2006) -73.5702 42.1553 WGS84 3.38 -- 0.63 1.90 0.33 
USEPA (2006) -82.5695 37.8262 WGS84 4.89 -- 2.58 3.88 0.66 
USEPA (2006) -79.8235 38.8116 WGS84 6.01 -- 2.59 6.27 0.41 
USEPA (2006) -82.5148 37.6002 WGS84 249.42 -- 14.15 14.02 1.01 
USEPA (2006) -75.7900 42.2624 WGS84 0.72 -- 0.64 5.00 0.13 
USEPA (2006) -90.9722 43.9438 WGS84 39.39 -- 3.90 6.71 0.58 
USEPA (2006) -79.7206 39.9433 WGS84 119.48 -- 5.76 12.68 0.45 
USEPA (2006) -74.8087 44.5884 WGS84 0.62 -- 2.92 6.75 0.43 
USEPA (2006) -79.1286 40.8327 WGS84 19.95 -- 2.37 6.52 0.36 
USEPA (2006) -76.9554 42.3150 WGS84 3.77 -- 3.07 7.19 0.43 
USEPA (2006) -74.7148 40.7104 WGS84 12.58 -- 4.81 9.98 0.48 
USEPA (2006) -94.7075 34.7787 WGS84 9.08 -- 3.18 8.74 0.36 
USEPA (2006) -79.0984 41.2697 WGS84 0.90 -- 0.40 1.74 0.23 
USEPA (2006) -74.6250 42.5682 WGS84 10.20 -- 1.85 5.82 0.32 
USEPA (2006) -74.4393 42.5010 WGS84 17.00 -- 3.86 9.65 0.40 
USEPA (2006) -83.7664 36.5425 WGS84 3.00 -- 1.54 3.95 0.39 
USEPA (2006) -86.3245 32.9184 WGS84 0.70 -- 1.14 3.23 0.35 
USEPA (2006) -82.9411 35.3849 WGS84 69.49 -- 18.44 23.05 0.80 
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USEPA (2006) -84.0912 34.5267 WGS84 10.78 -- 1.42 5.68 0.25 
USEPA (2006) -95.2553 35.2388 WGS84 65.22 -- 12.34 17.18 0.72 
USEPA (2006) -79.8003 41.7793 WGS84 54.83 -- 3.76 10.10 0.37 
USEPA (2006) -75.8866 42.5583 WGS84 361.85 -- 25.89 41.27 0.63 
USEPA (2006) -90.9223 46.6706 WGS84 10.69 -- 7.28 8.71 0.84 
USEPA (2006) -74.8022 44.6701 WGS84 7.65 -- 1.41 4.30 0.33 
USEPA (2006) -80.8622 37.9974 WGS84 1.86 -- 1.25 3.82 0.33 
USEPA (2006) -94.9686 34.5254 WGS84 230.38 -- 27.26 28.03 0.97 
USEPA (2006) -78.1478 41.5376 WGS84 5.31 -- 2.71 6.20 0.44 
USEPA (2006) -81.8775 36.0817 WGS84 7.99 -- 2.51 7.44 0.34 
USEPA (2006) -92.0825 35.5801 WGS84 7.20 -- 1.77 4.87 0.36 
USEPA (2006) -84.3784 36.0656 WGS84 2.63 -- 2.63 5.60 0.47 
USEPA (2006) -83.6969 35.0246 WGS84 7.30 -- 2.09 4.41 0.47 
USEPA (2006) -82.6518 35.5484 WGS84 7.30 -- 2.40 4.21 0.57 
USEPA (2006) -84.2559 36.3756 WGS84 2.00 -- 0.69 3.16 0.22 
USEPA (2006) -82.0451 36.0990 WGS84 3.85 -- 3.96 7.31 0.54 
USEPA (2006) -84.2088 35.1240 WGS84 1.86 -- 0.92 2.25 0.41 
USEPA (2006) -85.9299 34.8828 WGS84 68.52 -- 5.70 8.84 0.65 
USEPA (2006) -80.3831 36.9987 WGS84 496.28 -- 21.82 28.71 0.76 
USEPA (2006) -82.1662 37.1592 WGS84 9.10 -- 1.03 4.74 0.22 
USEPA (2006) -80.1653 36.7923 WGS84 6.10 -- 1.11 4.70 0.24 
USEPA (2006) -80.5313 36.6890 WGS84 52.89 -- 8.34 12.07 0.69 
USEPA (2006) -79.8345 36.7815 WGS84 6.64 -- 1.74 3.42 0.51 
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USEPA (2006) -80.4474 36.6502 WGS84 102.39 -- 8.95 16.98 0.53 
USEPA (2006) -120.6814 39.8121 WGS84 58.14 -- 5.99 12.66 0.47 
USEPA (2006) -124.1702 40.5271 WGS84 32.37 -- 1.78 6.98 0.25 
USEPA (2006) -123.8084 40.8915 WGS84 167.39 -- 8.90 19.98 0.45 
USEPA (2006) -123.7449 39.7994 WGS84 72.49 -- 3.68 9.00 0.41 
USEPA (2006) -123.9803 40.6568 WGS84 63.20 -- 3.07 16.09 0.19 
USEPA (2006) -123.7407 39.4074 WGS84 0.19 -- 0.28 1.16 0.24 
USEPA (2006) -123.7398 40.7548 WGS84 1.17 -- 0.83 2.46 0.34 
USEPA (2006) -123.6127 40.4902 WGS84 196.28 -- 23.98 31.40 0.76 
USEPA (2006) -123.6081 39.6501 WGS84 12.70 -- 4.22 7.04 0.60 
USEPA (2006) -122.9562 38.3669 WGS84 2.88 -- 2.52 4.14 0.61 
USEPA (2006) -124.0601 40.7286 WGS84 2.74 -- 1.48 3.39 0.44 
USEPA (2006) -123.9976 40.3167 WGS84 2.47 -- 0.90 3.95 0.23 
USEPA (2006) -123.8151 41.1178 WGS84 13.49 -- 1.97 6.18 0.32 
USEPA (2006) -124.0023 40.4901 WGS84 1.75 -- 1.90 5.35 0.35 
USEPA (2006) -123.8301 41.3969 WGS84 6.54 -- 1.67 5.57 0.30 
USEPA (2006) -124.0400 40.1695 WGS84 6.76 -- 1.98 6.60 0.30 
USEPA (2006) -123.9184 40.5951 WGS84 114.31 -- 4.30 11.54 0.37 
USEPA (2006) -123.8814 40.0376 WGS84 19.45 -- 1.68 7.10 0.24 
USEPA (2006) -124.0847 41.0905 WGS84 8.72 -- 1.66 6.07 0.27 
USEPA (2006) -123.7206 40.2228 WGS84 3.72 -- 1.62 5.94 0.27 
USEPA (2006) -124.0303 40.6199 WGS84 1.39 -- 0.72 2.88 0.25 
USEPA (2006) -123.8461 43.3261 WGS84 9.06 -- 3.79 6.73 0.56 
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USEPA (2006) -122.8489 43.6999 WGS84 10.44 -- 1.40 4.01 0.35 
USEPA (2006) -122.7957 44.9669 WGS84 60.75 -- 3.03 9.26 0.33 
USEPA (2006) -123.7197 43.8521 WGS84 40.37 -- 7.23 13.04 0.55 
USEPA (2006) -123.5014 43.8753 WGS84 325.61 -- 17.45 19.00 0.92 
USEPA (2006) -123.7252 43.2619 WGS84 134.11 -- 9.34 19.32 0.48 
USEPA (2006) -123.0825 43.5951 WGS84 1.33 -- 0.92 2.66 0.35 
USEPA (2006) -124.0433 42.8293 WGS84 9.38 -- 1.39 4.25 0.33 
USEPA (2006) -122.6749 43.8435 WGS84 29.95 -- 2.53 8.96 0.28 
USEPA (2006) -121.4090 47.2046 WGS84 9.06 -- 4.73 8.82 0.54 
USEPA (2006) -120.9986 47.9843 WGS84 2.71 -- 3.32 5.45 0.61 
USEPA (2006) -120.9689 47.6312 WGS84 63.65 -- 8.59 13.31 0.65 
USEPA (2006) -122.4816 46.7133 WGS84 22.60 -- 5.55 11.96 0.46 
USEPA (2006) -121.0890 47.9099 WGS84 48.99 -- 12.55 14.24 0.88 
USEPA (2006) -121.1862 46.8449 WGS84 2.58 -- 0.92 2.65 0.35 
USEPA (2006) -121.7927 46.2090 WGS84 33.76 -- 12.52 17.00 0.74 
USEPA (2006) -121.0404 47.5455 WGS84 0.70 -- 0.43 2.52 0.17 
USEPA (2006) -121.1013 47.8627 WGS84 8.90 -- 4.10 5.30 0.77 
USEPA (2006) -122.1554 46.7220 WGS84 188.61 -- 29.53 34.01 0.87 
USEPA (2006) -121.0212 47.6156 WGS84 49.78 -- 7.07 13.40 0.53 
USEPA (2006) -121.0417 47.8769 WGS84 42.86 -- 12.25 15.32 0.80 
Vesely et al. 
(2008) -83.1953 37.4506 NAD27 5.72 1.73 1.47 4.42 0.33 
Vesely et al. 
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Vesely et al. 
(2008) -83.5931 37.1786 NAD27 401.45 169.70 101.77 45.09 2.26 
Vesely et al. 
(2008) -83.2183 37.4433 NAD27 458.43 107.62 72.04 28.69 2.51 
Westergard et 
al. (2004) -75.4256 42.5311 NAD27 1.81 0.82 0.69 2.77 0.24 
Westergard et 
al. (2004) -75.3931 42.1611 NAD27 3.86 1.47 1.09 3.48 0.30 
Westergard et 
al. (2004) -76.0189 42.7672 NAD27 7.64 4.93 3.03 7.50 0.40 
Westergard et 
al. (2004) -74.7958 42.6336 NAD27 9.66 1.93 1.73 5.09 0.34 
Westergard et 
al. (2004) -75.9886 42.4675 NAD27 13.78 7.39 5.30 13.08 0.40 
Westergard et 
al. (2004) -76.1033 42.6692 NAD27 17.64 8.47 5.27 9.09 0.58 
Westergard et 
al. (2004) -75.2472 42.1219 NAD27 20.98 8.50 5.83 9.73 0.61 
Westergard et 
al. (2004) -75.0028 42.8486 NAD27 26.94 7.65 7.15 12.47 0.58 
Westergard et 
al. (2004) -75.2797 42.1736 NAD27 52.32 17.84 14.41 15.61 0.91 
Westergard et 
al. (2004) -75.0456 43.0014 NAD27 67.86 34.55 18.77 15.76 1.19 
Westergard et 
al. (2004) -74.9019 42.2522 NAD27 128.98 48.15 22.21 23.26 0.95 
Westergard et 
al. (2004) -75.2394 42.5453 NAD27 154.62 28.32 27.70 27.41 1.01 
Westergard et 
al. (2004) -75.9000 42.5411 NAD27 380.73 103.09 66.91 34.18 1.95 
Westergard et 
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al. (2004) -76.1597 42.6028 NAD27 756.28 106.77 85.69 57.68 1.49 
Westergard et 
al. (2004) -75.1403 42.1661 NAD27 859.88 188.05 104.09 79.57 1.31 
White (2001) -75.6017 40.1514 NAD27 153.07 40.78 29.37 26.55 1.11 
White (2001) -75.6803 40.2728 NAD27 221.45 66.27 43.49 27.47 1.58 
White (2001) -75.8508 39.9722 NAD27 6.66 4.05 2.23 5.43 0.41 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -113.6392 44.9400 NAD83 2,318.05 26.39 14.78 18.29 0.79 
Castro (2001) -122.8656 42.3242 NAD27 748.51 40.61 19.05 18.90 1.01 
Castro (2001) -122.8417 42.5250 NAD27 3,146.85 419.99 140.06 73.17 1.92 
Castro (2001) -116.1881 47.2747 NAD27 2,667.70 348.34 149.81 79.27 1.89 
Dutnell (2010) -102.9586 36.9267 NAD27 2,688.42 120.31 32.67 39.54 0.83 
Elliott (1986) -108.1103 39.5669 NAD27 365.19 4.81 4.37 11.59 0.38 
Elliott (1986) -108.2614 39.3689 NAD27 282.31 0.99 0.99 4.88 0.20 
Elliott (1986) -108.1825 39.8261 NAD27 458.43 2.15 2.47 5.12 0.48 
Elliott (1986) -108.1731 39.7889 NAD27 62.16 0.59 0.67 3.05 0.22 
Elliott (1986) -108.1833 39.8133 NAD27 113.96 0.12 0.28 1.25 0.22 
Elliott (1986) -108.1892 39.7836 NAD27 36.78 0.12 0.20 3.05 0.07 
Elliott (1986) -108.1833 39.8125 NAD27 40.66 0.12 0.21 3.35 0.06 
Elliott (1986) -108.1986 39.8250 NAD27 9.27 0.03 0.08 2.87 0.03 
Elliott (1986) -108.2206 39.8356 NAD27 660.45 1.59 3.38 5.15 0.66 
Elliott (1986) -108.2278 39.7939 NAD27 17.12 0.14 0.17 1.92 0.09 
Elliott (1986) -108.2431 39.8142 NAD27 20.59 0.04 0.12 3.08 0.04 
Elliott (1986) -108.2436 39.8372 NAD27 125.10 0.68 0.86 3.08 0.28 
Elliott (1986) -108.2869 39.8714 NAD27 266.77 0.63 1.16 4.82 0.24 
Elliott (1986) -108.2358 40.0781 NAD27 1,631.70 4.73 3.53 5.09 0.71 
Elliott (1986) -108.5322 39.9061 NAD27 22.20 0.19 0.20 1.46 0.14 
Elliott (1986) -108.5278 39.8883 NAD27 23.80 0.47 0.51 1.98 0.26 
Elliott (1986) -108.4722 39.9203 NAD27 81.84 0.40 0.44 2.93 0.15 
Elliott (1986) -108.4006 40.1686 NAD27 678.58 1.22 1.48 4.45 0.33 
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Emmet (1975) -114.4575 44.2597 NAD27 207.20 12.94 6.25 8.54 0.73 
Emmet (1975) -114.3261 44.2664 NAD27 3,030.30 145.23 64.41 50.30 1.28 
Emmet (1975) -114.3786 44.1583 NAD27 68.74 6.85 3.21 7.01 0.46 
Emmet (1975) -114.2850 44.2247 NAD27 1,377.23 52.56 20.30 15.85 1.28 
Foster (2012) -108.643000 42.717000 NAD84 323.75 -- 10.05 15.70 0.64 
Foster (2012) -106.029000 42.712000 NAD84 360.01 -- 16.07 23.54 0.68 
Foster (2012) -107.320000 40.592000 NAD84 442.89 -- 23.06 22.59 1.02 
Foster (2012) -107.521000 40.916000 NAD84 62.16 -- 3.67 7.71 0.48 
Lawlor (2004) -113.5014 46.1844 NAD83 318.57 15.69 13.38 22.87 0.58 
Lawlor (2004) -113.2331 46.4722 NAD27 184.67 9.49 5.27 10.06 0.55 
Lawlor (2004) -113.5408 47.2103 NAD27 51.28 3.51 1.91 6.40 0.30 
Lawlor (2004) -112.7667 46.7783 NAD27 300.44 5.52 5.11 11.59 0.46 
USEPA (2006) -106.4536 36.8688 WGS84 6.31 --2 0.15 1.35 0.11 
USEPA (2006) -77.6495 42.7915 WGS84 2.30 -- 3.06 5.25 0.58 
USEPA (2006) -106.5003 36.5977 WGS84 51.65 -- 0.20 1.79 0.11 
USEPA (2006) -108.6354 33.6086 WGS84 310.02 -- 1.09 6.32 0.17 
USEPA (2006) -109.4452 33.6810 WGS84 19.19 -- 2.52 3.95 0.64 
USEPA (2006) -109.2024 33.9486 WGS84 54.44 -- 34.56 10.95 3.15 
USEPA (2006) -109.9647 34.3453 WGS84 222.58 -- 21.76 27.20 0.80 
USEPA (2006) -109.4334 33.7599 WGS84 20.27 -- 22.66 18.27 1.24 
USEPA (2006) -110.5683 36.7330 WGS84 6.48 -- 4.12 7.07 0.58 
USEPA (2006) -109.4935 33.1384 WGS84 2,948.04 -- 3.62 11.06 0.33 
USEPA (2006) -111.9698 34.3525 WGS84 99.56 -- 6.50 11.80 0.55 
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USEPA (2006) -118.3897 34.5707 WGS84 37.93 -- 0.56 2.95 0.19 
USEPA (2006) -119.3806 34.4213 WGS84 22.27 -- 6.60 6.37 1.04 
USEPA (2006) -122.1038 37.8927 WGS84 42.73 -- 2.50 5.85 0.43 
USEPA (2006) -121.7286 37.0445 WGS84 3.36 -- 2.21 4.05 0.55 
USEPA (2006) -120.5492 34.8295 WGS84 45.06 -- 2.03 4.56 0.45 
USEPA (2006) -121.6738 37.3288 WGS84 46.21 -- 2.58 7.87 0.33 
USEPA (2006) -103.6313 37.4942 WGS84 861.71 -- -- 7.31 -- 
USEPA (2006) -108.4580 39.8869 WGS84 51.43 -- 0.64 2.92 0.22 
USEPA (2006) -108.6741 39.7309 WGS84 115.45 -- 2.96 5.75 0.51 
USEPA (2006) -108.1149 39.9586 WGS84 102.44 -- 2.77 4.92 0.56 
USEPA (2006) -108.3885 38.5196 WGS84 28.52 -- 3.34 5.56 0.60 
USEPA (2006) -108.1637 37.1342 WGS84 266.12 -- 6.97 14.74 0.47 
USEPA (2006) -107.4472 38.5928 WGS84 20.71 -- 2.68 8.68 0.31 
USEPA (2006) -108.8266 37.9736 WGS84 2,666.54 -- 5.29 20.76 0.25 
USEPA (2006) -108.5926 37.3659 WGS84 2,208.41 -- 0.70 4.30 0.16 
USEPA (2006) -106.3761 38.0695 WGS84 40.57 -- 0.61 1.80 0.34 
USEPA (2006) -108.3265 40.1489 WGS84 4705.79 -- 21.19 32.37 0.65 
USEPA (2006) -108.3662 37.2962 WGS84 98.73 -- 0.80 3.27 0.25 
USEPA (2006) -114.5368 43.6664 WGS84 25.96 -- 2.61 5.00 0.52 
USEPA (2006) -111.2543 43.5257 WGS84 4.00 -- 2.01 2.30 0.87 
USEPA (2006) -109.7545 48.2057 WGS84 1.97 -- -- 0.99 -- 
USEPA (2006) -112.6230 46.9738 WGS84 23.81 -- 1.70 3.82 0.45 
USEPA (2006) -114.3679 48.8368 WGS84 44.79 -- 2.08 8.45 0.25 
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USEPA (2006) -111.5414 46.9529 WGS84 18.08 -- 1.04 3.81 0.27 
USEPA (2006) -109.5262 48.2712 WGS84 134.94 -- 1.39 4.63 0.30 
USEPA (2006) -112.4950 47.2119 WGS84 5.09 -- 0.35 1.75 0.20 
USEPA (2006) -112.8810 45.8257 WGS84 91.45 -- 3.37 10.89 0.31 
USEPA (2006) -110.7157 47.4990 WGS84 125.10 -- 3.14 15.68 0.20 
USEPA (2006) -110.7887 45.7061 WGS84 21.09 -- 0.98 4.32 0.23 
USEPA (2006) -112.8447 47.2291 WGS84 0.79 -- 0.14 2.27 0.06 
USEPA (2006) -111.5935 47.0818 WGS84 20.35 -- 2.49 5.84 0.43 
USEPA (2006) -119.8531 41.0920 WGS84 29.87 -- 0.33 1.06 0.31 
USEPA (2006) -116.3978 41.2141 WGS84 14.43 -- 11.46 25.73 0.45 
USEPA (2006) -115.6700 41.3176 WGS84 1,451.93 -- 12.05 22.09 0.55 
USEPA (2006) -114.2766 38.3276 WGS84 1.83 -- 2.19 4.09 0.54 
USEPA (2006) -115.7032 41.4755 WGS84 11.95 -- 1.51 6.64 0.23 
USEPA (2006) -119.4423 41.9216 WGS84 9.92 -- 0.84 3.68 0.23 
USEPA (2006) -116.5197 41.3770 WGS84 12.67 -- 0.65 3.40 0.19 
USEPA (2006) -115.0871 41.8726 WGS84 3.29 -- 0.22 1.25 0.17 
USEPA (2006) -119.4520 40.8579 WGS84 3.44 -- 1.35 2.81 0.48 
USEPA (2006) -115.4330 41.6708 WGS84 2.81 -- 0.27 1.39 0.19 
USEPA (2006) -116.5448 41.4337 WGS84 1.12 -- 0.41 1.80 0.23 
USEPA (2006) -118.3756 44.9560 WGS84 15.56 -- 0.11 1.16 0.09 
USEPA (2006) -117.3670 44.4476 WGS84 184.06 -- 3.26 6.19 0.53 
USEPA (2006) -118.4937 44.8443 WGS84 2.09 -- 0.52 1.54 0.34 
USEPA (2006) -119.4763 44.0195 WGS84 12.76 -- 1.23 2.66 0.46 
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USEPA (2006) -119.2891 44.2076 WGS84 2.73 -- 0.52 1.14 0.45 
USEPA (2006) -119.2526 44.0478 WGS84 13.24 -- 1.44 3.38 0.43 
USEPA (2006) -118.7264 44.8549 WGS84 7.70 -- 0.57 1.95 0.29 
USEPA (2006) -118.7286 44.6535 WGS84 2.25 -- 0.74 2.14 0.35 
USEPA (2006) -119.1750 44.3071 WGS84 11.20 -- 0.64 3.22 0.20 
USEPA (2006) -118.8013 44.7105 WGS84 16.29 -- 1.52 3.48 0.44 
USEPA (2006) -118.3824 44.8981 WGS84 6.14 -- 0.81 1.09 0.75 
USEPA (2006) -119.5171 44.0969 WGS84 41.28 -- 2.24 8.21 0.27 
USEPA (2006) -118.5437 44.6718 WGS84 0.90 -- 1.10 1.39 0.79 
USEPA (2006) -119.2088 45.2455 WGS84 30.97 -- 1.82 4.89 0.37 
USEPA (2006) -118.3133 44.9083 WGS84 25.39 -- 4.06 9.86 0.41 
USEPA (2006) -120.1100 44.9545 WGS84 12.21 -- 3.63 9.52 0.38 
USEPA (2006) -118.5773 44.6221 WGS84 411.67 -- 14.88 11.14 1.34 
USEPA (2006) -119.3513 44.2001 WGS84 38.67 -- 1.36 3.56 0.38 
USEPA (2006) -118.7861 44.8493 WGS84 3.49 -- 1.33 3.34 0.40 
USEPA (2006) -117.5141 44.4296 WGS84 22.48 -- 1.95 3.75 0.52 
USEPA (2006) -117.4656 45.2719 WGS84 31.83 -- 3.67 9.38 0.39 
USEPA (2006) -118.4524 44.7794 WGS84 33.21 -- 3.99 6.55 0.61 
USEPA (2006) -119.3369 44.0151 WGS84 163.34 -- 1.31 3.20 0.41 
USEPA (2006) -118.6860 44.7789 WGS84 3.34 -- 2.89 3.78 0.76 
USEPA (2006) -119.4515 45.0522 WGS84 25.46 -- 2.00 5.51 0.36 
USEPA (2006) -119.9094 44.7681 WGS84 55.56 -- 9.03 9.55 0.95 
USEPA (2006) -118.7254 44.9964 WGS84 9.42 -- 1.49 4.20 0.35 
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USEPA (2006) -118.3770 44.7868 WGS84 4.42 -- 4.68 8.72 0.54 
USEPA (2006) -118.4288 44.8069 WGS84 116.95 -- 4.32 7.92 0.55 
USEPA (2006) -118.8427 44.6352 WGS84 77.47 -- 4.67 7.45 0.63 
USEPA (2006) -119.2195 44.2668 WGS84 21.12 -- 0.87 2.35 0.37 
USEPA (2006) -103.3250 43.9874 WGS84 431.82 -- 4.89 11.31 0.43 
USEPA (2006) -103.4176 43.9870 WGS84 391.59 -- 34.97 8.28 4.22 
USEPA (2006) -112.4987 37.8025 WGS84 293.20 -- 19.84 25.09 0.79 
USEPA (2006) -112.0627 37.9537 WGS84 47.67 -- 3.25 6.27 0.52 
USEPA (2006) -110.5174 40.0622 WGS84 176.22 -- 3.98 4.05 0.98 
USEPA (2006) -111.3473 41.1739 WGS84 55.94 -- 4.73 9.14 0.52 
USEPA (2006) -111.8637 39.1353 WGS84 12,648.93 -- 17.43 21.55 0.81 
USEPA (2006) -111.3524 39.2434 WGS84 24.81 -- 6.85 9.31 0.74 
USEPA (2006) -111.5775 38.5377 WGS84 200.05 -- 8.43 11.45 0.74 
USEPA (2006) -111.8682 38.9807 WGS84 9,991.12 -- 19.06 17.18 1.11 
USEPA (2006) -112.1847 38.3333 WGS84 6,336.52 -- 14.91 15.18 0.98 
USEPA (2006) -112.9173 37.4325 WGS84 200.22 -- 5.36 7.64 0.70 
USEPA (2006) -111.5959 38.6803 WGS84 19.86 -- 8.20 16.64 0.49 
USEPA (2006) -110.7236 42.4139 WGS84 8.73 -- 4.21 8.41 0.50 
USEPA (2006) -106.7077 42.2438 WGS84 54.85 -- 1.48 4.45 0.33 
USEPA (2006) -108.9092 43.0975 WGS84 350.18 -- 2.15 4.57 0.47 
USEPA (2006) -107.3787 43.6464 WGS84 482.32 -- 6.97 10.22 0.68 
USEPA (2006) -107.3327 41.0839 WGS84 58.80 -- 0.96 3.53 0.27 
USEPA (2006) -106.2546 42.5228 WGS84 39.32 -- 0.45 1.75 0.25 
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USEPA (2006) -107.2390 43.5600 WGS84 1.16 -- 1.79 3.35 0.54 
USEPA (2006) -108.8493 43.5398 WGS84 28.74 -- 0.99 3.00 0.33 
USEPA (2006) -108.8374 43.8489 WGS84 12.84 -- 0.37 1.23 0.30 
USEPA (2006) -110.8698 42.4690 WGS84 1.02 -- 0.46 1.64 0.28 
USEPA (2006) -104.1547 44.5597 WGS84 133.63 -- 2.97 4.66 0.64 
USEPA (2006) -110.7299 42.1717 WGS84 176.24 -- 14.91 23.30 0.64 
USEPA (2006) -104.6114 44.6764 WGS84 110.50 -- 0.80 1.34 0.60 
USEPA (2006) -106.7231 43.4804 WGS84 222.68 -- 0.83 3.67 0.23 
USEPA (2006) -110.1999 42.9331 WGS84 299.79 -- 17.92 37.20 0.48 
USEPA (2006) -109.3957 33.6844 WGS84 54.00 -- 4.22 7.93 0.53 
USEPA (2006) -109.3520 34.2843 WGS84 1,172.89 -- 6.34 9.62 0.66 
USEPA (2006) -120.3583 34.5509 WGS84 55.08 -- 2.58 7.89 0.33 
USEPA (2006) -118.4570 34.4935 WGS84 65.67 -- 1.42 4.88 0.29 
Yochum (2003) -106.1878 37.2089 NAD27 268.07 3.23 2.59 5.79 0.48 
Yochum (2003) -106.0731 36.9822 NAD27 398.60 29.99 13.48 15.85 0.85 
Yochum (2003) -106.2900 38.1633 NAD27 1,341.62 6.80 5.34 10.98 0.49 
Yochum (2003) -106.0381 36.9931 NAD27 296.56 9.09 5.24 8.38 0.63 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -115.5000 44.9617 NAD83 551.67 75.90 39.03 30.49 1.28 
Castro (2001) -115.9972 44.9136 NAD83 126.65 11.16 34.39 28.96 1.19 
Castro (2001) -115.5872 46.1508 NAD83 3,056.20 515.15 202.97 85.37 2.38 
Castro (2001) -115.9897 43.6481 NAD83 1,033.41 26.39 19.89 22.87 0.88 
Castro (2001) -115.6211 46.8406 NAD83 3,522.40 365.62 245.35 91.46 2.65 
Castro (2001) -115.6222 44.0853 NAD83 1,181.04 134.89 76.30 47.26 1.62 
Castro (2001) -115.7250 44.9869 NAD83 854.70 81.51 57.71 35.06 1.65 
Castro (2001) -114.7328 44.2683 NAD83 2,077.18 101.95 75.84 36.59 2.07 
Castro (2001) -115.5139 46.0867 NAD83 4,946.90 534.13 242.01 94.51 2.56 
Castro (2001) -114.4717 44.2908 NAD83 204.61 4.36 4.55 10.98 0.43 
Castro (2001) -114.5167 44.2703 NAD83 75.37 3.88 2.88 8.54 0.34 
Castro (2001) -115.3283 44.9058 NAD27 50.76 9.57 6.04 10.98 0.55 
Castro (2001) -120.4219 47.8186 NAD27 525.77 54.38 32.71 24.39 1.34 
Castro (2001) -120.1150 48.3653 NAD27 3,369.59 327.67 117.10 60.98 1.92 
Castro (2001) -119.9839 48.0775 NAD27 4,589.48 251.97 56.23 33.54 1.68 
Castro (2001) -122.7139 42.6556 NAD27 2,429.42 268.96 145.54 54.88 2.65 
Castro (2001) -122.9472 42.9306 NAD27 1,162.91 242.00 59.39 27.44 2.16 
Castro (2001) -123.1664 42.9675 NAD27 1,660.19 261.51 61.43 44.82 1.37 
Emmet (1975) -114.7631 43.8842 NAD 27 45.33 10.20 6.69 12.20 0.55 
Emmet (1975) -114.7197 44.2875 NAD27 505.05 20.16 15.76 16.16 0.98 
Emmet (1975) -114.7319 44.2683 NAD27 2,077.18 105.92 66.84 35.37 1.89 
Emmet (1975) -114.6697 44.2472 NAD27 204.61 17.11 7.11 13.72 0.52 
Emmet (1975) -114.5633 44.2553 NAD27 80.29 3.40 1.95 6.40 0.30 
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Emmet (1975) -114.5569 44.2906 NAD27 58.28 5.83 3.68 10.06 0.37 
Emmet (1975) -114.5469 44.2883 NAD27 6.48 1.52 1.19 4.88 0.24 
Emmet (1975) -114.5139 44.2600 NAD27 77.70 7.73 4.09 12.20 0.34 
Emmet (1975) -114.4767 44.3014 NAD27 155.40 9.29 5.86 9.15 0.64 
Emmet (1975) -114.4806 44.2989 NAD27 15.54 1.51 0.67 2.44 0.27 
Emmet (1975) -114.5542 43.9289 NAD27 46.75 8.86 4.85 8.84 0.55 
Emmet (1975) -114.5550 43.9294 NAD27 22.33 3.51 2.21 4.27 0.52 
Emmet (1975) -114.4875 43.9853 NAD27 67.50 6.20 3.63 7.01 0.52 
Emmet (1975) -114.4800 44.0064 NAD27 195.70 25.32 10.93 14.94 0.73 
Emmet (1975) -114.4611 44.0392 NAD27 126.63 11.61 6.04 9.76 0.61 
Emmet (1975) -114.4619 44.0617 NAD27 16.84 1.90 0.78 2.13 0.37 
Emmet (1975) -114.4489 44.0828 NAD27 423.70 31.15 10.22 13.41 0.76 
Emmet (1975) -114.5742 44.0583 NAD27 7.33 1.69 1.42 5.18 0.27 
Emmet (1975) -114.5419 44.0656 NAD27 25.74 7.62 7.14 9.76 0.73 
Emmet (1975) -114.4489 44.0992 NAD27 46.96 8.92 5.32 13.41 0.40 
Emmet (1975) -114.5258 44.1297 NAD27 32.89 5.24 3.90 12.80 0.30 
Emmet (1975) -114.5286 44.1317 NAD27 8.88 2.25 1.09 2.74 0.40 
Emmet (1975) -114.4400 44.0994 NAD27 70.94 6.26 2.97 6.10 0.49 
Emmet (1975) -114.2983 44.1531 NAD27 291.48 16.65 6.51 8.54 0.76 
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Foster (2012) -110.001000 45.003000 NAD84 80.81 -- 10.41 18.57 0.56 
Foster (2012) -110.691000 44.993000 NAD84 523.18 -- 17.41 22.07 0.79 
Foster (2012) -109.329000 45.086000 NAD84 271.95 -- 13.86 20.03 0.69 
Foster (2012) -109.760000 43.579000 NAD84 600.88 -- 21.30 20.18 1.05 
Foster (2012) -109.299000 43.336000 NAD84 139.08 -- 5.88 12.10 0.48 
Foster (2012) -109.262000 43.577000 NAD84 78.22 -- 4.78 8.84 0.54 
Foster (2012) -109.186000 43.283000 NAD84 143.49 -- 3.03 7.93 0.38 
Foster (2012) -109.038000 42.968000 NAD84 233.88 -- 16.24 35.21 0.46 
Foster (2012) -109.430000 44.470000 NAD84 1810.41 -- 60.83 49.15 1.24 
Foster (2012) -109.555000 44.208000 NAD84 769.23 -- 40.89 42.74 0.96 
Foster (2012) -107.614000 45.007000 NAD84 471.38 -- 13.34 17.62 0.76 
Foster (2012) -107.234000 44.773000 NAD84 97.90 -- 5.86 9.63 0.61 
Foster (2012) -107.226000 44.538000 NAD84 52.06 -- 7.67 12.35 0.62 
Foster (2012) -107.318000 44.601000 NAD84 8.81 -- 1.91 3.93 0.49 
Foster (2012) -107.298000 44.613000 NAD84 63.20 -- 7.54 14.48 1.26 
Foster (2012) -105.864000 40.496000 NAD84 3.89 -- 0.92 2.77 0.33 
Foster (2012) -105.860000 42.612000 NAD84 163.17 -- 10.20 12.35 0.83 
Foster (2012) -109.422000 42.673000 NAD84 205.13 -- 16.12 24.85 0.65 
Foster (2012) -107.143000 40.999000 NAD84 738.15 -- 29.20 31.74 0.92 
Foster (2012) -107.382000 40.983000 NAD84 391.09 -- 14.95 14.54 1.03 
Harman et al. 
(2000) -83.0736 35.6675 NAD83 121.47 37.38 17.37 17.90 0.98 
Harman et al. 
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Harman et al. 
(2000) -82.3331 35.6833 NAD83 37.56 24.23 15.86 21.13 0.76 
Lawlor (2004) -113.9581 46.6483 NAD83 50.51 1.56 2.51 4.27 0.61 
Lawlor (2004) -115.4811 48.9303 NAD27 70.97 5.41 5.97 9.15 0.67 
Lawlor (2004) -114.1653 48.6019 NAD27 212.64 20.36 10.41 13.72 0.76 
Lawlor (2004) -115.5408 48.9508 NAD27 22.43 2.27 2.29 6.40 0.37 
Lawlor (2004) -114.8900 48.7611 NAD27 48.95 2.07 2.06 4.27 0.49 
Lawlor (2004) -114.9719 47.2214 NAD27 119.92 3.96 2.92 7.32 0.40 
Lawlor (2004) -114.0928 46.8133 NAD27 10.77 0.42 0.84 2.53 0.34 
Lawlor (2004) -114.1586 46.5372 NAD27 74.85 18.97 3.54 9.15 0.40 
Lawlor (2004) -114.6967 47.8297 NAD27 50.76 1.87 1.78 5.79 0.30 
Lawlor (2004) -113.1528 47.0936 NAD27 271.95 32.00 14.13 22.26 0.64 
Lawlor (2004) -114.4058 47.2664 NAD27 60.61 5.95 3.44 6.71 0.52 
Lawlor (2004) -114.1808 45.8953 NAD27 73.82 12.46 8.88 14.94 0.61 
Lawlor (2004) -114.2297 47.1703 NAD27 39.63 1.67 2.29 4.57 0.52 
Lawlor (2004) -115.4125 47.4133 NAD27 7.04 0.23 0.73 2.99 0.23 
Lawlor (2004) -113.7142 46.9128 NAD27 18.98 2.69 3.74 5.79 0.67 
Lawlor (2004) -115.6742 47.7386 NAD27 22.66 3.68 3.47 7.93 0.43 
Lawlor (2004) -115.6417 48.7303 NAD27 13.65 1.25 1.18 4.27 0.29 
USEPA (2006) -70.3849 44.8917 WGS84 14.53 --2 0.46 1.80 0.25 
USEPA (2006) -72.9659 44.2142 WGS84 11.81 -- 3.18 7.76 0.41 
USEPA (2006) -83.2114 35.7636 WGS84 17.69 -- 2.76 10.46 0.26 
USEPA (2006) -105.2360 36.4358 WGS84 17.08 -- 0.96 5.05 0.19 
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USEPA (2006) -105.6718 36.1486 WGS84 105.29 -- 0.86 4.96 0.17 
USEPA (2006) -94.0257 35.7590 WGS84 55.47 -- 14.41 18.43 0.78 
USEPA (2006) -83.1924 35.6155 WGS84 0.98 -- 1.64 4.32 0.38 
USEPA (2006) -82.0748 35.7582 WGS84 0.42 -- 1.69 4.11 0.41 
USEPA (2006) -106.7198 35.7182 WGS84 348.77 -- 2.78 7.11 0.39 
USEPA (2006) -106.5421 36.9554 WGS84 72.95 -- 2.96 10.51 0.28 
USEPA (2006) -79.3835 37.5089 WGS84 42.95 -- 2.38 8.45 0.28 
USEPA (2006) -111.7837 34.5201 WGS84 707.87 -- 35.35 24.45 1.45 
USEPA (2006) -109.3558 33.9124 WGS84 84.89 -- 15.37 28.18 0.55 
USEPA (2006) -109.3220 33.5919 WGS84 6.99 -- 4.42 5.23 0.85 
USEPA (2006) -112.0830 36.1178 WGS84 173.34 -- 12.99 10.83 1.20 
USEPA (2006) -109.1817 33.4602 WGS84 905.06 -- 52.00 52.00 1.00 
USEPA (2006) -109.2160 33.7503 WGS84 37.70 -- 19.87 19.09 1.04 
USEPA (2006) -112.0799 36.1214 WGS84 172.56 -- 12.81 11.65 1.10 
USEPA (2006) -109.1108 33.5639 WGS84 22.11 -- 9.90 10.17 0.97 
USEPA (2006) -109.3193 33.8636 WGS84 118.75 -- 4.18 9.19 0.45 
USEPA (2006) -110.8365 33.8003 WGS84 547.94 -- 10.76 16.91 0.64 
USEPA (2006) -111.4026 34.5506 WGS84 74.73 -- 13.37 13.62 0.98 
USEPA (2006) -110.9045 33.9225 WGS84 404.39 -- 10.74 19.17 0.56 
USEPA (2006) -118.7729 34.5417 WGS84 86.09 -- 4.49 8.23 0.55 
USEPA (2006) -119.5359 37.6818 WGS84 112.49 -- 12.16 19.66 0.62 
USEPA (2006) -120.4049 41.2295 WGS84 274.67 -- 5.74 13.73 0.42 
USEPA (2006) -119.1104 37.0445 WGS84 29.13 -- 3.25 7.77 0.42 





Table B.18 (cont’d). 















USEPA (2006) -118.7798 34.6136 WGS84 803.67 -- 8.32 8.47 0.98 
USEPA (2006) -119.4054 34.5196 WGS84 55.10 -- 4.23 11.26 0.38 
USEPA (2006) -119.1408 34.5584 WGS84 292.94 -- 9.40 17.23 0.55 
USEPA (2006) -122.6553 41.0483 WGS84 1.31 -- 0.47 2.06 0.23 
USEPA (2006) -123.1078 40.2543 WGS84 33.88 -- 1.76 3.88 0.45 
USEPA (2006) -123.3729 40.6273 WGS84 6.56 -- 1.27 3.98 0.32 
USEPA (2006) -123.5481 39.1866 WGS84 68.69 -- 3.68 8.05 0.46 
USEPA (2006) -123.3996 40.8472 WGS84 9.46 -- 1.45 4.08 0.35 
USEPA (2006) -123.3280 41.2444 WGS84 6.95 -- 0.59 3.25 0.18 
USEPA (2006) -122.4888 40.8569 WGS84 19.38 -- 2.31 6.19 0.37 
USEPA (2006) -119.8753 38.6958 WGS84 16.79 -- 2.04 7.01 0.29 
USEPA (2006) -116.5879 32.8996 WGS84 59.34 -- 2.09 4.79 0.44 
USEPA (2006) -116.9992 34.2317 WGS84 193.67 -- 4.49 7.59 0.59 
USEPA (2006) -116.6544 33.1316 WGS84 29.21 -- 1.68 4.11 0.41 
USEPA (2006) -119.0762 34.4395 WGS84 48.87 -- 0.75 7.54 0.10 
USEPA (2006) -120.5440 38.5774 WGS84 28.12 -- 3.21 7.67 0.42 
USEPA (2006) -122.6361 39.4421 WGS84 36.10 -- 2.90 7.43 0.39 
USEPA (2006) -122.9560 40.6257 WGS84 146.14 -- 3.30 8.07 0.41 
USEPA (2006) -118.0852 34.2546 WGS84 3.99 -- 2.32 3.99 0.58 
USEPA (2006) -119.7540 34.6696 WGS84 8.06 -- 0.32 2.23 0.15 
USEPA (2006) -116.5590 32.9298 WGS84 7.93 -- 0.42 1.96 0.21 
USEPA (2006) -119.7988 34.6835 WGS84 2.49 -- 0.48 3.28 0.15 
USEPA (2006) -117.1331 34.1497 WGS84 34.76 -- 2.64 5.37 0.49 
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USEPA (2006) -122.8817 38.8752 WGS84 2.50 -- 0.58 3.06 0.19 
USEPA (2006) -122.9323 40.6886 WGS84 114.46 -- 6.77 10.48 0.65 
USEPA (2006) -122.9165 39.5879 WGS84 12.01 -- 2.02 5.99 0.34 
USEPA (2006) -122.5297 41.1971 WGS84 5.70 -- 2.51 4.94 0.51 
USEPA (2006) -123.3643 40.6977 WGS84 55.49 -- 7.93 9.80 0.81 
USEPA (2006) -122.9464 40.4459 WGS84 16.52 -- 1.33 4.72 0.28 
USEPA (2006) -123.1927 41.8443 WGS84 70.01 -- 4.36 14.12 0.31 
USEPA (2006) -119.3429 38.3109 WGS84 25.37 -- 1.77 3.89 0.45 
USEPA (2006) -120.4699 38.2201 WGS84 43.51 -- 0.54 3.75 0.15 
USEPA (2006) -117.0076 34.1869 WGS84 223.14 -- 6.59 9.06 0.73 
USEPA (2006) -119.2488 34.5573 WGS84 156.41 -- 5.57 10.94 0.51 
USEPA (2006) -119.9282 38.7322 WGS84 35.33 -- 2.89 8.77 0.33 
USEPA (2006) -116.7265 32.8321 WGS84 27.91 -- 0.77 3.67 0.21 
USEPA (2006) -116.6816 33.1242 WGS84 41.93 -- 0.57 2.96 0.19 
USEPA (2006) -119.7156 34.7472 WGS84 76.93 -- 0.99 6.06 0.16 
USEPA (2006) -119.6764 34.7329 WGS84 24.97 -- 0.44 4.40 0.10 
USEPA (2006) -117.1806 34.1729 WGS84 41.25 -- 1.38 5.44 0.25 
USEPA (2006) -119.8360 34.5365 WGS84 8.97 -- 0.38 3.84 0.10 
USEPA (2006) -123.4548 40.2908 WGS84 22.96 -- 1.62 6.85 0.24 
USEPA (2006) -122.9111 40.6028 WGS84 71.09 -- 1.09 4.79 0.23 
USEPA (2006) -122.8202 39.4416 WGS84 2.49 -- 1.27 3.10 0.41 
USEPA (2006) -122.8113 39.7004 WGS84 21.96 -- 1.76 5.85 0.30 
USEPA (2006) -122.2474 37.0851 WGS84 21.06 -- 3.49 7.84 0.45 
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USEPA (2006) -119.9487 37.4631 WGS84 45.35 -- 1.59 6.75 0.24 
USEPA (2006) -104.8450 38.9640 WGS84 57.97 -- 1.68 4.12 0.41 
USEPA (2006) -105.1679 39.9520 WGS84 475.48 -- 4.12 7.55 0.55 
USEPA (2006) -104.9454 38.0680 WGS84 187.11 -- 2.82 7.56 0.37 
USEPA (2006) -106.5718 39.1595 WGS84 1.12 -- 0.59 1.84 0.32 
USEPA (2006) -107.0206 37.6207 WGS84 26.96 -- 4.66 8.79 0.53 
USEPA (2006) -105.8927 40.5035 WGS84 13.49 -- 2.05 7.57 0.27 
USEPA (2006) -107.2910 40.6646 WGS84 234.50 -- 15.72 18.16 0.87 
USEPA (2006) -105.6258 40.1998 WGS84 10.30 -- 4.82 10.42 0.46 
USEPA (2006) -107.2751 40.6276 WGS84 289.94 -- 11.28 21.40 0.53 
USEPA (2006) -106.0770 40.3866 WGS84 12.63 -- 1.41 3.30 0.43 
USEPA (2006) -107.3905 38.0211 WGS84 158.96 -- 8.13 16.25 0.50 
USEPA (2006) -105.3606 40.2186 WGS84 264.78 -- 8.52 16.44 0.52 
USEPA (2006) -107.0190 40.9715 WGS84 268.10 -- 7.54 15.36 0.49 
USEPA (2006) -108.0386 37.9338 WGS84 52.11 -- 2.46 6.28 0.39 
USEPA (2006) -107.7104 39.6431 WGS84 111.21 -- 2.45 4.08 0.60 
USEPA (2006) -105.5911 39.7939 WGS84 41.98 -- 2.80 5.50 0.51 
USEPA (2006) -106.6725 38.7239 WGS84 48.94 -- 2.84 11.57 0.25 
USEPA (2006) -106.1190 40.4324 WGS84 88.44 -- 2.06 6.65 0.31 
USEPA (2006) -106.3949 39.2153 WGS84 30.01 -- 6.77 10.79 0.63 
USEPA (2006) -107.2881 39.5817 WGS84 133.50 -- 2.29 6.82 0.34 
USEPA (2006) -105.9912 40.1687 WGS84 324.25 -- 5.70 9.95 0.57 
USEPA (2006) -108.2332 37.5231 WGS84 33.50 -- 4.21 8.75 0.48 
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USEPA (2006) -115.8135 44.0340 WGS84 40.23 -- 3.66 6.83 0.54 
USEPA (2006) -116.3564 46.7586 WGS84 1.30 -- 0.84 1.67 0.50 
USEPA (2006) -116.5089 47.7969 WGS84 108.04 -- 11.81 16.87 0.70 
USEPA (2006) -115.0850 43.6895 WGS84 1.58 -- 1.01 3.13 0.32 
USEPA (2006) -114.8002 43.5566 WGS84 168.71 -- 17.45 12.63 1.38 
USEPA (2006) -115.6417 45.7137 WGS84 17.07 -- 8.80 10.08 0.87 
USEPA (2006) -115.1643 46.6290 WGS84 8.64 -- 5.21 6.91 0.75 
USEPA (2006) -114.1471 44.8168 WGS84 18.91 -- 1.61 3.16 0.51 
USEPA (2006) -114.9158 45.8581 WGS84 119.86 -- 9.45 14.85 0.64 
USEPA (2006) -114.4453 45.0233 WGS84 6.05 -- 1.42 3.05 0.46 
USEPA (2006) -115.5250 46.6022 WGS84 225.03 -- 25.36 23.64 1.07 
USEPA (2006) -116.0938 45.0793 WGS84 39.11 -- 23.54 19.85 1.19 
USEPA (2006) -116.0381 46.8604 WGS84 12.74 -- 3.49 6.73 0.52 
USEPA (2006) -115.1867 44.1373 WGS84 23.08 -- 3.73 5.85 0.64 
USEPA (2006) -114.6939 44.3877 WGS84 215.79 -- 9.63 13.58 0.71 
USEPA (2006) -115.7863 46.6621 WGS84 4.96 -- 1.36 2.73 0.50 
USEPA (2006) -116.4617 46.9388 WGS84 5.69 -- 1.21 1.85 0.65 
USEPA (2006) -115.6372 47.1976 WGS84 7.27 -- 5.92 7.15 0.83 
USEPA (2006) -115.8302 44.7086 WGS84 2.54 -- 1.66 3.09 0.54 
USEPA (2006) -115.4478 45.8935 WGS84 56.82 -- 2.96 5.62 0.53 
USEPA (2006) -115.8751 44.2681 WGS84 19.35 -- 3.52 7.16 0.49 
USEPA (2006) -111.9971 46.4147 WGS84 25.52 -- 0.96 4.58 0.21 
USEPA (2006) -110.7744 45.2711 WGS84 87.35 -- 2.77 8.71 0.32 
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USEPA (2006) -110.3565 46.2457 WGS84 6.95 -- 1.11 2.94 0.38 
USEPA (2006) -113.8799 48.3536 WGS84 42.65 -- 3.43 8.03 0.43 
USEPA (2006) -115.2195 47.2077 WGS84 29.72 -- 2.84 7.26 0.39 
USEPA (2006) -113.2271 46.2974 WGS84 25.65 -- 2.43 6.36 0.38 
USEPA (2006) -112.2075 46.1670 WGS84 50.29 -- 2.27 5.55 0.41 
USEPA (2006) -112.3804 45.8041 WGS84 57.65 -- 13.71 5.44 2.52 
USEPA (2006) -109.6771 45.1237 WGS84 10.33 -- 1.03 3.55 0.29 
USEPA (2006) -114.5646 47.9870 WGS84 3.75 -- 0.52 1.96 0.26 
USEPA (2006) -110.3064 45.5525 WGS84 228.34 -- 12.61 25.23 0.50 
USEPA (2006) -113.4746 45.2351 WGS84 56.98 -- 5.31 8.47 0.63 
USEPA (2006) -113.0809 46.5115 WGS84 2.55 -- 0.47 1.47 0.32 
USEPA (2006) -110.8548 45.8598 WGS84 43.58 -- 2.46 6.95 0.35 
USEPA (2006) -113.2586 48.3361 WGS84 1.22 -- 1.26 3.65 0.35 
USEPA (2006) -111.8993 45.5408 WGS84 9.50 -- 3.64 9.31 0.39 
USEPA (2006) -119.0115 41.4005 WGS84 1.70 -- 0.54 2.45 0.22 
USEPA (2006) -118.7160 41.7422 WGS84 9.11 -- 1.85 3.64 0.51 
USEPA (2006) -117.4853 40.8612 WGS84 44.65 -- 1.34 3.00 0.45 
USEPA (2006) -119.1404 41.1160 WGS84 27.56 -- 0.71 3.15 0.23 
USEPA (2006) -118.9469 41.4613 WGS84 1.14 -- 0.43 2.78 0.15 
USEPA (2006) -117.0246 39.6906 WGS84 14.79 -- 0.47 2.70 0.17 
USEPA (2006) -116.0334 41.4178 WGS84 22.72 -- 1.24 5.47 0.23 
USEPA (2006) -117.3873 38.8372 WGS84 8.93 -- 0.95 3.26 0.29 
USEPA (2006) -120.1319 44.4763 WGS84 4.40 -- 0.34 1.95 0.17 
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USEPA (2006) -120.2097 44.6222 WGS84 363.17 -- 3.27 5.63 0.58 
USEPA (2006) -120.1744 44.5601 WGS84 22.31 -- 1.69 1.69 1.00 
USEPA (2006) -117.3179 45.1589 WGS84 1.44 -- 1.62 3.30 0.49 
USEPA (2006) -110.0876 40.8721 WGS84 48.05 -- 6.90 9.73 0.71 
USEPA (2006) -111.7389 41.0880 WGS84 3,898.84 -- 19.45 19.45 1.00 
USEPA (2006) -110.4224 40.8950 WGS84 65.18 -- 6.18 8.50 0.73 
USEPA (2006) -111.2983 39.6049 WGS84 1.82 -- 4.69 5.73 0.82 
USEPA (2006) -110.9869 40.7528 WGS84 26.77 -- 11.68 11.27 1.04 
USEPA (2006) -110.8880 40.6339 WGS84 94.47 -- 15.85 18.45 0.86 
USEPA (2006) -111.1791 40.6623 WGS84 4.29 -- 2.77 3.86 0.72 
USEPA (2006) -109.7222 40.7647 WGS84 34.31 -- 5.51 14.77 0.37 
USEPA (2006) -109.5214 38.5613 WGS84 192.50 -- 4.04 6.73 0.60 
USEPA (2006) -110.5023 40.3359 WGS84 568.34 -- 12.28 21.58 0.57 
USEPA (2006) -110.5600 40.4675 WGS84 451.87 -- 13.43 23.13 0.58 
USEPA (2006) -111.6376 40.9370 WGS84 394.99 -- 11.34 13.55 0.84 
USEPA (2006) -111.0430 39.3617 WGS84 523.47 -- 11.93 11.82 1.01 
USEPA (2006) -110.9529 40.9707 WGS84 20.21 -- 6.86 11.44 0.60 
USEPA (2006) -111.1534 38.1824 WGS84 198.68 -- 9.27 12.59 0.74 
USEPA (2006) -118.4992 48.6695 WGS84 4.48 -- 1.97 4.25 0.46 
USEPA (2006) -120.5864 47.4289 WGS84 3.71 -- 0.52 1.38 0.37 
USEPA (2006) -119.8961 48.7561 WGS84 3.63 -- 0.78 1.05 0.75 
USEPA (2006) -120.7183 47.9179 WGS84 7.77 -- 1.39 3.32 0.42 
USEPA (2006) -120.6833 47.3911 WGS84 10.88 -- 1.81 3.73 0.49 
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USEPA (2006) -120.3055 47.9346 WGS84 21.33 -- 0.75 4.33 0.17 
USEPA (2006) -120.5332 47.4326 WGS84 34.61 -- 2.08 3.81 0.55 
USEPA (2006) -120.7760 47.6986 WGS84 2.83 -- 2.63 3.53 0.75 
USEPA (2006) -120.4561 47.3599 WGS84 24.66 -- 0.80 2.51 0.32 
USEPA (2006) -117.7577 48.7675 WGS84 1.95 -- 0.47 1.56 0.30 
USEPA (2006) -120.6454 47.3779 WGS84 18.43 -- 1.50 3.94 0.38 
USEPA (2006) -120.5083 47.4181 WGS84 101.61 -- 2.71 5.65 0.48 
USEPA (2006) -120.5766 47.6455 WGS84 49.30 -- 1.41 3.24 0.44 
USEPA (2006) -109.8538 44.3456 WGS84 2.53 -- 1.23 2.46 0.50 
USEPA (2006) -107.2546 44.4274 WGS84 6.60 -- 2.67 6.90 0.39 
USEPA (2006) -109.5079 44.4830 WGS84 65.17 -- 7.63 11.35 0.67 
USEPA (2006) -106.9383 44.3033 WGS84 1.56 -- 0.49 1.24 0.40 
USEPA (2006) -110.5923 44.9815 WGS84 82.78 -- 3.44 7.07 0.49 
USEPA (2006) -110.1168 44.5040 WGS84 5.80 -- 2.38 6.24 0.38 
USEPA (2006) -108.9790 44.2006 WGS84 108.71 -- 2.21 6.07 0.36 
USEPA (2006) -108.7968 43.3898 WGS84 113.81 -- 1.00 2.30 0.44 
USEPA (2006) -109.3832 44.5428 WGS84 56.09 -- 4.78 7.62 0.63 
USEPA (2006) -110.4755 42.3102 WGS84 252.29 -- 4.00 13.35 0.30 
USEPA (2006) -107.2642 44.7603 WGS84 84.52 -- 7.99 9.99 0.80 
USEPA (2006) -110.7451 43.0945 WGS84 138.91 -- 8.49 18.32 0.46 
USEPA (2006) -109.8922 44.7862 WGS84 5.77 -- 3.05 6.71 0.45 
USEPA (2006) -109.1799 42.8732 WGS84 3.17 -- 1.09 2.98 0.37 
USEPA (2006) -109.3237 44.3729 WGS84 1,402.17 -- 44.27 51.33 0.86 
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USEPA (2006) -110.4474 43.2357 WGS84 678.80 -- 11.32 23.94 0.47 
USEPA (2006) -109.9106 43.2436 WGS84 8.21 -- 3.60 6.59 0.55 
USEPA (2006) -109.4009 43.2819 WGS84 120.66 -- 9.70 15.16 0.64 
USEPA (2006) -109.4469 42.8719 WGS84 35.88 -- 5.84 10.20 0.57 
USEPA (2006) -110.2135 43.6930 WGS84 5.62 -- 1.29 3.15 0.41 
USEPA (2006) -108.9710 42.7242 WGS84 126.63 -- 12.56 23.55 0.53 
USEPA (2006) -109.9819 43.5199 WGS84 15.76 -- 1.78 4.25 0.42 
USEPA (2006) -110.3872 41.0178 WGS84 135.36 -- 3.39 12.04 0.28 
Yochum (2003) -106.4597 37.6886 NAD83 3,447.55 111.58 62.64 54.57 1.15 
Yochum (2003) -106.6486 37.6569 NAD27 545.45 28.80 17.38 21.34 0.81 
Yochum (2003) -106.3189 37.8597 NAD27 272.73 2.42 1.99 6.10 0.33 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -123.8306 44.3861 NAD27 865.06 99.75 70.26 42.68 1.65 
Castro (2001) -123.3131 46.9394 NAD27 3,351.46 239.11 431.97 85.37 5.06 
Castro (2001) -121.8431 48.9061 NAD27 271.95 128.21 46.84 27.44 1.71 
Castro (2001) -122.0464 48.2617 NAD27 678.58 584.25 215.06 79.27 2.71 
Castro (2001) -123.7422 46.3742 NAD27 141.93 63.66 40.61 28.96 1.40 
Castro (2001) -123.8861 44.7153 NAD27 523.18 135.06 93.68 48.78 1.92 
Castro (2001) -121.2450 48.6719 NAD27 3,043.25 361.65 169.80 64.02 2.65 
Castro (2001) -121.3603 48.6075 NAD27 3,299.66 424.81 229.74 73.17 3.14 
Castro (2001) -121.4286 48.5339 NAD27 3,576.79 425.94 211.43 106.71 1.98 
Castro (2001) -123.6514 46.6511 NAD27 336.70 42.74 54.37 27.44 1.98 
Lawrence 
(2003) -122.1297 44.6531 NAD27 67.34 0.00 11.67 25.49 0.46 
Lawrence 
(2003) -122.7450 45.1017 NAD27 152.03 23.39 5.16 17.10 0.30 
Lawrence 
(2003) -122.7861 44.3514 NAD27 271.95 0.00 26.86 29.54 0.91 
Lawrence 
(2003) -122.0653 44.9889 NAD27 367.78 0.00 22.96 34.39 0.67 
Lawrence 
(2003) -122.3431 45.2819 NAD27 6.53 0.00 1.43 7.44 0.19 
Lawrence 
(2003) -122.0578 44.7992 NAD27 18.96 0.00 3.09 12.80 0.24 
Lawrence 
(2003) -122.5708 44.1458 NAD27 123.28 0.00 14.83 18.26 0.81 
Lawrence 
(2003) -123.4094 44.8394 NAD27 7.77 0.00 2.19 7.44 0.30 
Lawrence 
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(2003) -123.5028 44.7164 NAD27 88.84 0.00 14.59 19.97 0.73 
Lawrence 
(2003) -122.1292 44.1792 NAD27 901.32 0.00 57.62 45.76 1.26 
Lawrence 
(2003) -122.2417 43.8056 NAD27 3.83 0.00 1.86 3.35 0.55 
Lawrence 
(2003) -121.9394 45.0714 NAD27 321.16 33.64 18.49 24.76 0.75 
Lawrence 
(2003) -122.3939 44.6000 NAD27 19.30 0.00 2.98 6.07 0.49 
Lawrence 
(2003) -123.4389 44.5014 NAD27 37.81 0.00 5.73 12.53 0.46 
Lawrence 
(2003) -122.4964 44.3919 NAD27 450.66 45.45 24.20 39.66 0.61 
Lawrence 
(2003) -123.5028 45.0472 NAD27 344.47 31.44 16.55 33.60 0.49 
Lawrence 
(2003) -122.1353 43.1394 NAD27 5.18 0.00 1.60 3.84 0.42 
Lawrence 
(2003) -123.4278 44.8556 NAD27 20.64 0.00 5.22 12.35 0.42 
Lawrence 
(2003) -122.6219 44.3725 NAD27 134.16 0.00 16.39 23.69 0.69 
Lawrence 
(2003) -123.4931 45.1431 NAD27 167.57 19.71 16.96 19.88 0.85 
Lawrence 
(2003) -122.1194 44.7556 NAD27 2.67 0.00 1.28 2.90 0.44 
USEPA (2006) -120.9804 39.4140 WGS84 371.18 --2 10.38 13.43 0.77 
USEPA (2006) -123.4131 41.8884 WGS84 46.86 -- 3.84 9.82 0.39 
USEPA (2006) -121.7219 40.8157 WGS84 152.80 -- 4.08 11.23 0.36 
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USEPA (2006) -124.1810 41.9918 WGS84 23.51 -- 1.82 9.55 0.19 
USEPA (2006) -122.2041 43.5545 WGS84 6.96 -- 2.41 5.63 0.43 
USEPA (2006) -122.2798 44.8634 WGS84 0.85 -- 3.56 4.96 0.72 
USEPA (2006) -123.6192 45.8591 WGS84 0.58 -- 0.94 3.02 0.31 
USEPA (2006) -123.7173 45.6900 WGS84 1.19 -- 2.47 8.75 0.28 
USEPA (2006) -123.6499 45.2087 WGS84 8.11 -- 3.94 8.96 0.44 
USEPA (2006) -122.0741 44.5493 WGS84 0.70 -- 1.75 4.58 0.38 
USEPA (2006) -122.1157 43.9509 WGS84 2.48 -- 1.89 4.74 0.40 
USEPA (2006) -123.4763 45.3006 WGS84 5.96 -- 4.81 7.35 0.65 
USEPA (2006) -121.6334 44.5587 WGS84 22.69 -- 3.03 9.53 0.32 
USEPA (2006) -121.4491 45.3018 WGS84 1.94 -- 1.07 3.17 0.34 
USEPA (2006) -122.1377 45.1907 WGS84 3.44 -- 1.46 3.65 0.40 
USEPA (2006) -122.2795 44.4398 WGS84 2.84 -- 2.59 6.32 0.41 
USEPA (2006) -121.7246 48.0421 WGS84 3.37 -- 6.30 8.25 0.76 
USEPA (2006) -120.9391 46.7299 WGS84 28.38 -- 5.36 5.89 0.91 
USEPA (2006) -123.6100 46.5723 WGS84 221.41 -- 34.29 27.74 1.24 
USEPA (2006) -123.7335 46.3147 WGS84 5.11 -- 8.59 6.85 1.25 
USEPA (2006) -121.0666 47.6495 WGS84 21.13 -- 6.29 11.35 0.55 
USEPA (2006) -120.9776 48.0203 WGS84 80.48 -- 18.20 27.43 0.66 
USEPA (2006) -121.5127 47.4477 WGS84 14.66 -- 8.97 10.96 0.82 
USEPA (2006) -123.3523 47.6513 WGS84 2.29 -- 5.58 6.29 0.89 
USEPA (2006) -124.0594 47.5338 WGS84 45.29 -- 20.39 21.36 0.95 
USEPA (2006) -122.5215 46.2615 WGS84 1.47 -- 4.53 6.23 0.73 
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USEPA (2006) -121.7217 46.5952 WGS84 31.73 -- 6.70 11.69 0.57 
USEPA (2006) -124.4433 48.0254 WGS84 43.47 -- 13.89 16.61 0.84 
USEPA (2006) -121.1662 46.5266 WGS84 6.29 -- 2.61 5.85 0.45 
USEPA (2006) -121.5520 46.7771 WGS84 126.64 -- 19.47 22.78 0.85 
USEPA (2006) -123.4534 47.2766 WGS84 3.52 -- 3.35 6.58 0.51 
USEPA (2006) -121.4954 47.6210 WGS84 6.93 -- 8.30 11.27 0.74 
USEPA (2006) -121.3400 48.0932 WGS84 200.35 -- 57.49 26.68 2.15 
USEPA (2006) -124.1723 47.6900 WGS84 8.86 -- 8.23 11.32 0.73 
USEPA (2006) -123.5894 46.9161 WGS84 5.98 -- 1.16 3.18 0.36 
USEPA (2006) -121.0764 47.7709 WGS84 5.34 -- 3.22 6.56 0.49 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 
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Castro (2001) -116.3253 45.4131 NAD83 1,491.84 92.58 31.23 25.61 1.22 
Lawlor (2004) -114.1433 46.7439 NAD83 647.50 32.29 9.57 17.38 0.55 
Lawlor (2004) -113.9733 47.1475 NAD27 17.82 1.44 1.68 4.57 0.37 
Lawlor (2004) -115.5914 48.3019 NAD27 61.12 7.36 5.72 10.37 0.58 
Lawlor (2004) -113.9786 47.3231 NAD27 32.12 13.59 8.80 11.89 0.73 
Lawlor (2004) -115.5939 48.3031 NAD27 3.00 0.79 0.82 3.05 0.26 
USEPA (2006) -122.9017 40.8624 WGS84 152.37 --2 10.47 18.58 0.56 
USEPA (2006) -123.1309 41.7085 WGS84 4.26 -- 1.62 3.87 0.42 
USEPA (2006) -122.5188 41.3626 WGS84 4.43 -- 0.56 2.66 0.21 
USEPA (2006) -122.9178 41.3384 WGS84 6.12 -- 3.07 5.64 0.55 
USEPA (2006) -120.0347 38.1654 WGS84 21.53 -- 4.57 6.37 0.72 
USEPA (2006) -122.4079 41.3370 WGS84 5.07 -- 3.57 4.74 0.75 
USEPA (2006) -123.2766 41.6635 WGS84 1.12 -- 0.84 2.44 0.35 
USEPA (2006) -123.0509 39.8693 WGS84 492.30 -- 18.78 25.50 0.74 
USEPA (2006) -122.7631 42.0030 WGS84 24.87 -- 2.49 4.72 0.53 
USEPA (2006) -122.5073 40.9804 WGS84 9.77 -- 2.38 4.85 0.49 
USEPA (2006) -121.7281 40.6758 WGS84 16.62 -- 2.41 6.81 0.35 
USEPA (2006) -122.8409 39.7118 WGS84 32.30 -- 4.18 11.23 0.37 
USEPA (2006) -123.0137 40.9035 WGS84 4.84 -- 0.56 4.40 0.13 
USEPA (2006) -123.5690 41.1545 WGS84 43.43 -- 2.82 7.39 0.38 
USEPA (2006) -122.8433 41.3289 WGS84 25.70 -- 1.90 6.34 0.30 
USEPA (2006) -122.8037 41.1350 WGS84 25.26 -- 2.57 6.28 0.41 
USEPA (2006) -122.9337 41.0507 WGS84 24.14 -- 7.15 15.12 0.47 
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USEPA (2006) -106.6896 37.3296 WGS84 2.08 -- 1.44 3.53 0.41 
USEPA (2006) -107.4181 39.2363 WGS84 4.46 -- 1.80 4.09 0.44 
USEPA (2006) -106.5675 37.8748 WGS84 13.22 -- 2.16 3.47 0.62 
USEPA (2006) -107.7397 38.0701 WGS84 2.46 -- 0.77 2.57 0.30 
USEPA (2006) -106.3951 38.9934 WGS84 108.30 -- 4.15 10.61 0.39 
USEPA (2006) -106.3605 39.7851 WGS84 10.15 -- 4.56 8.22 0.55 
USEPA (2006) -116.2466 45.4344 WGS84 7.83 -- 1.64 2.48 0.66 
USEPA (2006) -116.7337 48.7567 WGS84 37.73 -- 12.30 10.02 1.23 
USEPA (2006) -119.9572 39.3908 WGS84 3.06 -- 3.35 4.73 0.71 
USEPA (2006) -121.7311 45.3338 WGS84 1.39 -- 1.07 2.94 0.36 
USEPA (2006) -121.6596 45.2492 WGS84 10.22 -- 2.63 6.72 0.39 
USEPA (2006) -121.5479 45.1920 WGS84 9.20 -- 1.21 5.52 0.22 
USEPA (2006) -121.3538 46.2637 WGS84 13.13 -- 1.43 2.45 0.58 
USEPA (2006) -122.9735 47.7427 WGS84 13.04 -- 8.09 9.89 0.82 
USEPA (2006) -120.7699 47.5534 WGS84 469.26 -- 32.79 31.36 1.05 
USEPA (2006) -120.9827 47.8284 WGS84 36.43 -- 10.71 15.10 0.71 
USEPA (2006) -120.6791 47.4188 WGS84 0.52 -- 0.79 1.71 0.46 
USEPA (2006) -120.9275 47.7734 WGS84 61.70 -- 12.64 11.99 1.05 
USEPA (2006) -120.8394 47.4988 WGS84 0.47 -- 0.54 3.91 0.14 
USEPA (2006) -121.0253 47.5381 WGS84 0.21 -- 0.45 1.55 0.29 
USEPA (2006) -121.7008 47.0486 WGS84 23.11 -- 7.04 13.13 0.54 
USEPA (2006) -120.6575 47.5008 WGS84 0.89 -- 0.79 1.47 0.54 
USEPA (2006) -120.7681 47.9859 WGS84 1.32 -- 1.77 3.19 0.55 
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USEPA (2006) -120.9239 47.5855 WGS84 69.40 -- 12.30 16.70 0.74 
USEPA (2006) -120.9887 47.8243 WGS84 34.96 -- 13.37 14.28 0.94 
USEPA (2006) -120.6528 47.4503 WGS84 151.50 -- 23.26 13.07 1.78 
USEPA (2006) -120.8447 47.7698 WGS84 1.03 -- 1.77 3.27 0.54 
USEPA (2006) -120.8274 48.0963 WGS84 3.87 -- 4.39 5.35 0.82 
USEPA (2006) -120.8640 48.0327 WGS84 1.48 -- 3.57 4.18 0.85 
USEPA (2006) -121.9888 46.8965 WGS84 10.98 -- 5.83 9.30 0.63 
USEPA (2006) -120.8579 47.8321 WGS84 254.39 -- 13.55 17.95 0.75 
USEPA (2006) -120.6599 47.4630 WGS84 155.34 -- 16.73 14.26 1.17 
USEPA (2006) -120.8330 47.7747 WGS84 2.78 -- 2.54 4.44 0.57 
USEPA (2006) -120.8988 47.6103 WGS84 214.58 -- 28.11 29.17 0.96 
USEPA (2006) -120.8280 48.0265 WGS84 145.28 -- 49.38 31.45 1.57 
USEPA (2006) -120.9322 47.9405 WGS84 48.52 -- 13.76 13.89 0.99 
USEPA (2006) -120.7281 47.4225 WGS84 2.22 -- 4.33 4.22 1.03 
USEPA (2006) -120.9419 47.7792 WGS84 80.03 -- 11.78 14.56 0.81 
USEPA (2006) -120.9353 48.0367 WGS84 0.73 -- 1.03 3.78 0.27 
Yochum (2003) -106.4494 37.5917 NAD27 179.49 3.99 2.88 6.10 0.48 
Yochum (2003) -106.3181 37.8133 NAD27 161.36 3.09 1.93 7.01 0.40 
Yochum (2003) -106.3342 37.3747 NAD27 274.02 24.30 15.33 19.21 0.80 
1NAD27=North American Datum of 1927; NAD83=North American Datum of 1983; WGS84=World Geodetic System of 1984. 






APPENDIX C: FALLING ROCK AND LITTLE MILLSEAT HYDROGRAPH 
PARAMETERS PRIOR TO AND FOLLOWING THE EXTREME STORM 

























Time (h) CN4 CN5 
2004 1 FR I 102.4 0.01 5.75 13.00 7.25 10.75 82.2 62.0 
2004 1 FR P --6 -- -- -- -- -- -- -- 
2004 1 LMS I -- -- -- -- -- -- -- -- 
2004 1 LMS P -- -- -- -- -- -- -- -- 
2004 2 FR I 592.9 0.02 0.13 11.50 13.75 20.25 79.2 63.4 
2004 2 FR P -- -- -- -- -- -- -- -- 
2004 2 LMS I -- -- -- -- -- -- -- -- 
2004 2 LMS P -- -- -- -- -- -- -- -- 
2004 3 FR I 3,169.0 0.18 0.13 6.00 8.75 13.50 92.1 89.34 
2004 3 FR P -- -- -- -- -- -- -- -- 
2004 3 LMS I -- -- -- -- -- -- -- -- 
2004 3 LMS P -- -- -- -- -- -- -- -- 
2004 4 FR I -- -- -- -- -- -- -- -- 
2004 4 FR P -- -- -- -- -- -- -- -- 
2004 4 LMS I -- -- -- -- -- -- -- -- 
2004 4 LMS P -- -- -- -- -- -- -- -- 
2004 5 FR I -- -- -- -- -- -- -- -- 
2004 5 FR P 10,648.2 0.86 0.13 5.25 6.00 9.25 82.0 98.9 
2004 5 LMS I -- -- -- -- -- -- -- -- 
2004 5 LMS P -- -- -- -- -- -- -- -- 
2004 6 FR I 15.3 0.00 1.25 2.50 1.25 3.25 69.5 38.9 
2004 6 FR P 229.6 0.03 0.13 3.00 4.00 6.50 72.0 44.4 

























Time (h) CN4 CN5 
2004 6 LMS P 351.8 0.04 0.13 3.00 4.00 6.50 73.5 48.2 
2004 7 FR I 756.7 0.07 0.25 3.00 2.75 9.25 72.0 53.3 
2004 7 FR P 3,491.8 0.29 0.25 3.00 2.75 9.25 73.7 56.8 
2004 7 LMS I 475.8 0.04 0.25 2.75 2.50 8.75 68.5 46.1 
2004 7 LMS P 3,323.7 0.23 0.25 3.25 3.00 9.75 74.6 58.6 
2004 8 FR I 1,704.9 0.25 0.13 2.75 4.00 5.50 71.9 56.79 
2004 8 FR P 15,267.4 2.91 0.13 2.50 3.75 6.00 82.8 76.1 
2004 8 LMS I 1,134.6 0.24 0.13 2.00 3.25 5.75 67.4 48.3 
2004 8 LMS P 21,405.8 2.84 0.13 2.25 3.50 8.25 90.2 87.5 
2004 9 FR I -- -- -- -- -- -- -- -- 
2004 9 FR P 13,711.5 0.84 0.25 3.25 3.00 8.25 99.4 99.3 
2004 9 LMS I -- -- -- -- -- -- -- -- 
2004 9 LMS P 8,412.3 0.87 0.25 1.75 1.50 5.75 97.5 96.9 
2004 10 FR I -- -- -- -- -- -- -- -- 
2004 10 FR P -- -- -- -- -- -- -- -- 
2004 10 LMS I -- -- -- -- -- -- -- -- 
2004 10 LMS P 3,906.8 0.16 0.00 4.50 4.50 14.75 92.7 89.0 
2004 11 FR I 17.0 0.00 0.25 2.25 2.00 3.25 84.1 61.1 
2004 11 FR P 76.2 0.02 0.25 2.25 2.00 3.50 84.4 62.0 
2004 11 LMS I 31.1 0.03 0.25 2.50 2.25 2.75 84.8 63.6 
2004 11 LMS P 90.4 0.02 0.25 2.50 2.25 3.50 84.8 63.5 
2004 12 FR I -- -- -- -- -- -- -- -- 

























Time (h) CN4 CN5 
2004 12 LMS I 386.1 0.05 0.25 3.00 2.75 5.25 68.3 45.0 
2004 12 LMS P -- -- -- -- -- -- -- -- 
2004 13 FR I -- -- -- -- -- -- -- -- 
2004 13 FR P 132.8 0.02 0.13 1.78 2.50 4.50 86.1 66.7 
2004 13 LMS I 13.2 0.00 0.00 1.25 1.25 2.75 84.7 61.7 
2004 13 LMS P -- -- -- -- -- -- -- -- 
2004 14 FR I -- -- -- -- -- -- -- -- 
2004 14 FR P 4,307.1 0.05 0.13 28.28 29.75 59.50 86.6 78.6 
2004 14 LMS I -- -- -- -- -- -- -- -- 
2004 14 LMS P -- -- -- -- -- -- -- -- 
2004 15 FR I -- -- -- -- -- -- -- -- 
2004 15 FR P 224.0 0.03 0.13 1.78 3.75 6.50 83.4 62.7 
2004 15 LMS I 96.5 0.01 0.13 1.25 3.25 5.75 84.4 65.6 
2004 15 LMS P -- -- -- -- -- -- -- -- 
2004 16 FR I 2,132.3 0.05 0.50 26.25 25.75 57.75 53.2 34.5 
2004 16 FR P 10,893.5 0.33 0.50 26.50 26.00 41.50 56.8 39.8 
2004 16 LMS I 2,790.9 0.07 0.50 26.00 25.50 38.25 55.3 37.5 
2004 16 LMS P 11,846.5 0.34 0.75 26.25 25.50 39.25 59.8 44.5 
2004 17 FR I 4,074.3 0.18 2.00 19.75 17.75 22.50 67.2 54.1 
2004 17 FR P 23,933.8 0.98 2.00 19.50 17.50 22.50 74.9 66.2 
2004 17 LMS I -- -- -- -- -- -- -- -- 
2004 17 LMS P 22,788.0 0.76 2.00 19.75 17.75 22.50 77.9 69.4 

























Time (h) CN4 CN5 
2004 18 FR P 93.1 0.01 0.13 3.75 5.00 9.25 85.9 65.5 
2004 18 LMS I 41.8 0.00 0.13 4.25 5.75 8.25 86.6 67.8 
2004 18 LMS P 191.9 0.01 0.13 5.50 6.75 10.25 87.4 70.8 
2004 19 FR I 67.6 0.01 0.13 1.00 3.00 9.25 77.81 53.3 
2004 19 FR P 220.0 0.02 0.13 1.25 2.75 9.00 77.51 52.4 
2004 19 LMS I -- -- -- -- -- -- -- -- 
2004 19 LMS P -- -- -- -- -- -- -- -- 
2004 20 FR I 553.8 0.06 0.13 4.50 5.25 10.00 73.3 53.8 
2004 20 FR P 3,937.4 0.33 0.13 4.75 5.50 9.50 78.0 64.0 
2004 20 LMS I -- -- -- -- -- -- -- -- 
2004 20 LMS P -- -- -- -- -- -- -- -- 
2004 21 FR I 993.8 0.06 0.13 2.75 3.75 10.75 80.0 66.9 
2004 21 FR P 5,251.6 0.33 0.13 3.00 4.00 11.00 83.0 73.1 
2004 21 LMS I -- -- -- -- -- -- -- -- 
2004 21 LMS P 4,762.9 0.20 0.13 6.50 7.75 14.25 83.4 74.2 
2004 22 FR I 1,602.5 0.13 4.25 7.25 3.00 7.25 78.6 66.6 
2004 22 FR P 10,332.1 0.75 4.25 7.25 3.00 9.25 84.5 77.7 
2004 22 LMS I -- -- -- -- -- -- -- -- 
2004 22 LMS P 4,823.3 0.49 4.75 7.25 2.50 6.25 78.1 65.6 
2004 23 FR I 16.2 0.00 1.25 5.00 3.75 6.50 80.6 54.8 
2004 23 FR P 438.0 0.03 1.00 5.50 4.50 7.25 84.5 66.9 
2004 23 LMS I -- -- -- -- -- -- -- -- 

























Time (h) CN4 CN5 
2004 24 FR I 3,867.1 0.12 3.25 19.25 16.00 25.75 86.0 80.7 
2004 24 FR P 25,178.7 0.64 3.25 20.00 16.75 30.75 93.8 92.2 
2004 24 LMS I 4,325.5 0.13 3.00 20.00 17.00 26.50 86.5 81.4 
2004 24 LMS P 22,590.1 0.49 3.00 20.00 17.00 32.00 94.5 93.1 
2004 25 FR I 36.8 0.01 0.00 4.00 4.00 5.00 86.2 66.9 
2004 25 FR P -- -- -- -- -- -- -- 54.4 
2004 25 LMS I 6.2 0.06 0.00 4.00 4.00 5.50 89.5 78.1 
2004 25 LMS P 275.8 0.06 0.00 4.50 4.50 5.75 87.9 77.8 
2004 26 FR I -- -- -- -- -- -- -- -- 
2004 26 FR P 3,203.7 0.10 0.13 13.25 15.50 23.50 93.8 90.3 
2004 26 LMS I -- -- -- -- -- -- -- -- 
2004 26 LMS P 2,387.9 0.10 0.13 13.75 14.25 22.50 93.1 89.0 
2004 27 FR I 718.5 0.05 0.13 6.00 7.25 13.50 76.0 59.1 
2004 27 FR P 11,407.6 0.64 0.13 7.00 8.25 15.75 89.2 85.0 
2004 27 LMS I 2,840.5 0.12 0.13 6.75 8.00 17.75 87.5 82.1 
2004 27 LMS P 11,849.8 0.49 0.13 7.50 8.75 18.00 91.3 88.4 
2005 1 FR I 10.6 0.00 2.75 4.00 1.25 5.50 75.3 45.9 
2005 1 FR P 1,123.0 0.07 0.13 4.25 6.25 10.75 83.4 68.2 
2005 1 LMS I 71.3 0.01 7.75 9.75 2.00 4.50 78.3 54.0 
2005 1 LMS P 1,466.8 0.07 0.13 5.75 7.25 12.75 85.5 73.6 
2005 2 FR I 1,528.1 0.07 0.13 6.25 6.75 11.75 86.1 78.4 
2005 2 FR P 7,890.5 0.38 0.13 5.25 6.00 13.25 89.0 82.0 

























Time (h) CN4 CN5 
2005 2 LMS P 6,500.6 0.25 0.13 6.75 7.75 15.00 88.7 83.4 
2005 3 FR I 389.2 0.03 0.13 4.00 4.25 8.75 90.9 83.4 
2005 3 FR P 2,359.4 0.33 0.13 4.50 4.75 9.50 93.0 88.5 
2005 3 LMS I 914.3 0.05 0.00 5.25 5.25 10.25 94.3 91.2 
2005 3 LMS P 3,525.0 0.21 0.50 6.75 6.25 12.50 95.6 93.6 
2005 4 FR I 5,755.4 0.29 0.25 12.75 12.50 18.50 87.6 83.6 
2005 4 FR P 27,885.1 1.66 0.13 12.75 13.00 17.75 91.8 89.7 
2005 4 LMS I -- -- -- -- -- -- -- -- 
2005 4 LMS P 22,074.1 1.36 0.25 12.75 12.50 17.25 90.6 88.0 
2005 5 FR I 58.7 0.01 0.25 4.50 4.25 8.50 67.1 38.2 
2005 5 FR P 470.8 0.05 0.13 4.50 5.00 9.25 69.2 42.7 
2005 5 LMS I -- -- -- -- -- -- -- -- 
2005 5 LMS P 567.4 0.04 0.13 5.25 6.00 10.75 70.4 45.4 
2005 6 FR I 44.7 0.01 0.25 1.25 1.00 2.25 83.1 61.3 
2005 6 FR P 867.9 0.17 0.13 1.50 2.75 4.75 87.6 75.4 
2005 6 LMS I 83.4 0.02 0.13 1.50 2.50 4.50 84.3 65.1 
2005 6 LMS P 534.4 0.08 0.25 2.25 2.00 4.50 86.5 72.0 
2005 7 FR I 12.3 0.00 0.50 1.50 1.00 3.75 81.2 55.3 
2005 7 FR P 119.9 0.02 0.25 3.00 2.75 4.50 82.5 59.5 
2005 7 LMS I 57.8 0.01 0.50 3.00 2.50 4.25 83.5 62.5 
2005 7 LMS P -- -- -- -- -- -- -- -- 
2005 8 FR I 29.7 0.00 0.13 1.75 6.50 9.25 66.0 35.8 

























Time (h) CN4 CN5 
2005 8 LMS I 102.5 0.02 0.25 1.75 1.50 4.25 68.5 41.0 
2005 8 LMS P 480.6 0.06 0.13 2.25 2.50 5.75 70.0 44.3 
2005 9 FR I 631.8 0.06 0.25 5.25 5.00 10.25 82.4 69.2 
2005 9 FR P -- -- -- -- -- -- -- -- 
2005 9 LMS I 221.4 0.03 0.00 3.50 3.50 5.50 76.6 55.0 
2005 9 LMS P 510.1 0.07 0.25 4.00 3.75 5.75 75.7 52.7 
2005 10 FR I 317.86 0.07 1.25 7.00 5.75 11.50 87.7 76.6 
2005 10 FR P -- -- -- -- -- -- -- -- 
2005 10 LMS I 106.81 0.01 1.00 7.25 6.25 10.25 83.8 64.8 
2005 10 LMS P 128.51 0.01 0.75 7.50 6.75 10.50 81.7 58.6 
2005 11 FR I 1,178.75 0.16 2.50 11.75 9.25 14.25 94.1 91.3 
2005 11 FR P -- -- -- -- -- -- -- -- 
2005 11 LMS I -- -- -- -- -- -- -- -- 
2005 11 LMS P 94.5 0.01 0.13 5.25 8.00 14.75 81.2 56.9 
2005 12 FR I -- -- -- -- -- -- -- -- 
2005 12 FR P 151.8 0.03 0.13 1.75 2.00 3.50 79.5 54.6 
2005 12 LMS I 6.9 0.00 0.13 1.75 2.00 3.50 77.1 47.9 
2005 12 LMS P 121.8 0.02 0.13 1.75 2.00 3.50 79.3 54.3 
2006 1 FR I -- -- -- -- -- -- -- -- 
2006 1 FR P -- -- -- -- -- -- -- -- 
2006 1 LMS I -- -- -- -- -- -- -- -- 
2006 1 LMS P -- -- -- -- -- -- -- -- 

























Time (h) CN4 CN5 
2006 2 FR P -- -- -- -- -- -- -- -- 
2006 2 LMS I -- -- -- -- -- -- -- -- 
2006 2 LMS P -- -- -- -- -- -- -- -- 
2006 3 FR I -- -- -- -- -- -- -- -- 
2006 3 FR P -- -- -- -- -- -- -- -- 
2006 3 LMS I 0.2 0.00 0.00 0.50 0.50 2.25 73.5 41.3 
2006 3 LMS P -- -- -- -- -- -- -- -- 
2006 4 FR I -- -- -- -- -- -- -- -- 
2006 4 FR P -- -- -- -- -- -- -- -- 
2006 4 LMS I -- -- -- -- -- -- -- -- 
2006 4 LMS P -- -- -- -- -- -- -- -- 
2006 5 FR I -- -- -- -- -- -- -- -- 
2006 5 FR P -- -- -- -- -- -- -- -- 
2006 5 LMS I -- -- -- -- -- -- -- -- 
2006 5 LMS P 17.9 0.00 0.13 1.25 2.75 5.25 81.5 54.7 
2006 6 FR I -- -- -- -- -- -- -- -- 
2006 6 FR P 0.2 0.00 0.13 1.31 1.75 4.00 78.0 47.2 
2006 6 LMS I 20.8 0.00 0.13 0.75 1.25 3.00 80.6 54.9 
2006 6 LMS P 108.8 0.01 0.13 1.75 2.50 5.00 81.4 57.6 
2006 7 FR I 4.4 0.00 0.13 1.00 1.50 2.50 81.6 54.7 
2006 7 FR P 0.2 0.00 0.00 2.25 2.25 4.00 80.5 51.0 
2006 7 LMS I -- -- -- -- -- -- -- -- 

























Time (h) CN4 CN5 
2006 8 FR I 40.2 0.00 0.13 4.50 5.25 7.50 71.7 43.2 
2006 8 FR P 1.4 0.00 0.13 4.00 4.75 7.75 68.2 35.3 
2006 8 LMS I -- -- -- -- -- -- -- -- 
2006 8 LMS P 940.8 0.07 0.13 4.00 5.00 8.00 78.0 58.7 
2006 9 FR I 26.9 0.00 0.13 0.75 1.50 7.25 82.8 59.6 
2006 9 FR P 1.6 0.00 0.13 2.75 3.25 7.75 80.1 50.8 
2006 9 LMS I -- -- -- -- -- -- -- -- 
2006 9 LMS P 742.1 0.07 0.13 2.50 3.00 7.50 88.2 76.5 
2006 10 FR I 19.7 0.00 0.25 5.50 5.25 7.25 83.0 59.3 
2006 10 FR P 0.5 0.00 0.25 6.25 6.00 8.50 80.5 51.2 
2006 10 LMS I -- -- -- -- -- -- -- -- 
2006 10 LMS P 344.5 0.03 0.13 6.50 6.75 9.50 86.3 70.3 
2006 11 FR I -- -- -- -- -- -- -- -- 
2006 11 FR P 0.7 0.00 0.25 7.00 6.75 15.75 70.7 37.9 
2006 11 LMS I -- -- -- -- -- -- -- -- 
2006 11 LMS P 438.3 0.02 0.13 6.50 7.25 16.25 77.6 55.1 
2006 12 FR I 1,340.0 0.04 0.13 19.75 21.00 29.75 62.6 43.2 
2006 12 FR P 25.8 0.00 0.13 26.00 27.25 32.00 46.3 18.5 
2006 12 LMS I 3,069.3 0.07 0.13 25.00 26.25 29.50 70.7 57.4 
2006 12 LMS P -- -- -- -- -- -- -- -- 
2006 13 FR I 35.3 0.01 0.13 1.25 2.00 4.25 81.2 57.3 
2006 13 FR P -- -- -- -- -- -- -- -- 

























Time (h) CN4 CN5 
2006 13 LMS P 985.9 0.07 0.13 2.75 3.50 8.50 87.4 75.9 
2006 14 FR I -- -- -- -- -- -- -- -- 
2006 14 FR P -- -- -- -- -- -- -- -- 
2006 14 LMS I -- -- -- -- -- -- -- -- 
2006 14 LMS P -- -- -- -- -- -- -- -- 
2006 15 FR I 142.5 0.02 0.50 4.25 3.75 6.75 86.8 72.1 
2006 15 FR P 3.4 0.00 0.50 4.50 4.00 8.00 80.6 51.9 
2006 15 LMS I 495.1 0.03 0.25 5.50 5.25 10.00 91.1 84.2 
2006 15 LMS P 1,250.1 0.09 0.50 5.25 4.75 9.25 90.5 82.6 
2008 1 FR I 168.2 0.01 0.50 11.50 11.00 15.75 81.3 62.1 
2008 1 FR P -- -- -- -- -- -- -- -- 
2008 1 LMS I 395.3 0.02 0.50 10.50 10.00 14.25 84.6 71.0 
2008 1 LMS P -- -- -- -- -- -- -- -- 
2008 2 FR I 12.4 0.00 2.00 4.00 2.00 9.00 78.0 50.0 
2008 2 FR P -- -- -- -- -- -- -- -- 
2008 2 LMS I 41.3 0.01 2.00 4.00 2.00 9.00 79.6 54.7 
2008 2 LMS P -- -- -- -- -- -- -- -- 
2008 3 FR I 138.5 0.01 4.25 8.50 4.25 11.50 73.6 48.9 
2008 3 FR P -- -- -- -- -- -- -- -- 
2008 3 LMS I 113.0 0.01 4.25 7.50 3.25 11.50 72.7 46.8 
2008 3 LMS P -- -- -- -- -- -- -- -- 
2008 4 FR I -- -- -- -- -- -- -- -- 

























Time (h) CN4 CN5 
2008 4 LMS I 2.3 0.00 0.13 11.75 12.50 24.00 79.4 50.4 
2008 4 LMS P -- -- -- -- -- -- -- -- 
2008 5 FR I 95.9 0.01 0.13 4.50 5.00 11.00 86.0 69.2 
2008 5 FR P 640.5 0.06 0.13 5.00 5.75 11.50 87.7 74.5 
2008 5 LMS I 1.7 0.00 0.13 5.00 6.00 11.50 81.1 53.02 
2008 5 LMS P 782.3 0.06 0.13 5.00 6.00 11.75 88.9 78.2 
2008 6 FR I -- -- -- -- -- -- -- -- 
2008 6 FR P 3.4 0.00 0.13 1.25 1.75 3.25 82.9 55.8 
2008 6 LMS I 135.8 0.01 0.13 3.50 4.00 6.50 88.5 75.2 
2008 6 LMS P 154.7 0.02 0.13 2.00 3.25 5.00 86.4 68.0 
2008 7 FR I -- -- -- -- -- -- -- -- 
2008 7 FR P 7.4 0.00 0.13 2.25 3.00 5.75 76.1 45.5 
2008 7 LMS I -- -- -- -- -- -- -- -- 
2008 7 LMS P 149.2 0.02 0.13 2.00 3.25 5.75 79.4 55.0 
2008 8 FR I 5.1 0.00 0.25 2.00 1.75 4.50 74.2 43.6 
2008 8 FR P 124.9 0.02 0.13 2.00 4.50 7.25 76.4 49.3 
2008 8 LMS I 42.1 0.01 0.25 2.00 1.75 4.50 76.6 50.0 
2008 8 LMS P 423.8 0.05 0.13 2.00 2.75 5.50 79.8 58.6 
2008 9 FR I -- -- -- -- -- -- -- -- 
2008 9 FR P -- -- -- -- -- -- -- -- 
2008 9 LMS I 209.6 0.01 0.25 8.75 8.50 13.00 71.5 47.2 
2008 9 LMS P 292.8 0.02 0.50 9.50 9.00 14.00 69.0 41.7 

























Time (h) CN4 CN5 
2008 10 FR P -- -- -- -- -- -- -- -- 
2008 10 LMS I -- -- -- -- -- -- -- -- 
2008 10 LMS P -- -- -- -- -- -- -- -- 
2008 11 FR I -- -- -- -- -- -- -- -- 
2008 11 FR P 69.5 0.00 1.75 17.75 16.00 27.50 75.2 46.6 
2008 11 LMS I 153.8 0.00 0.50 10.25 9.75 16.00 79.7 58.7 
2008 11 LMS P 126.1 0.01 0.13 10.50 11.50 18.00 76.4 49.8 
2008 12 FR I -- -- -- -- -- -- -- -- 
2008 12 FR P 58.9 0.00 0.25 4.50 4.25 8.00 76.1 47.5 
2008 12 LMS I 32.6 0.00 0.13 3.00 3.00 5.75 77.0 50.0 
2008 12 LMS P 78.3 0.01 0.25 3.50 3.25 6.50 76.7 49.2 
2008 13 FR I -- -- -- -- -- -- -- -- 
2008 13 FR P 371.9 0.01 0.13 6.25 7.75 17.25 74.4 49.2 
2008 13 LMS I 436.1 0.01 0.13 5.75 7.00 16.00 80.0 63.3 
2008 13 LMS P 15,999.9 0.49 0.13 9.50 11.50 23.00 75.5 98.6 
2008 14 FR I -- -- -- -- -- -- -- -- 
2008 14 FR P -- -- -- -- -- -- -- -- 
2008 14 LMS I 286.3 0.01 0.13 8.50 9.75 22.25 89.4 79.4 
2008 14 LMS P 372.4 0.01 0.13 13.75 15.00 21.25 86.9 71.5 
2008 15 FR I -- -- -- -- -- -- -- -- 
2008 15 FR P 277.1 0.01 0.13 9.00 9.00 19.25 81.6 60.0 
2008 15 LMS I 235.6 0.01 1.50 8.50 7.00 17.25 84.9 69.8 


























Time (h) CN4 CN5 
2008 16 FR I -- -- -- -- -- -- -- -- 
2008 16 FR P 1,171.9 0.07 0.13 6.00 7.50 13.25 70.7 47.8 
2008 16 LMS I 501.9 0.03 0.13 5.50 7.00 12.25 72.8 52.3 
2008 16 LMS P 1,137.0 0.07 0.13 6.00 7.00 12.75 71.3 49.2 
2008 17 FR I -- -- -- -- -- -- -- -- 
2008 17 FR P 1,802.2 0.13 4.50 16.00 11.50 14.75 81.8 67.0 
2008 17 LMS I 395.0 0.02 2.25 15.75 13.50 17.00 80.2 63.2 
2008 17 LMS P 1,249.7 0.07 2.75 16.25 13.50 16.50 80.6 64.2 
2008 18 FR I -- -- -- -- -- -- -- -- 
2008 18 FR P -- -- -- -- -- -- -- -- 
2008 18 LMS I 719.8 0.02 0.13 7.50 9.25 20.50 94.5 91.3 
2008 18 LMS P -- -- -- -- -- -- -- -- 
2008 19 FR I -- -- -- -- -- -- -- -- 
2008 19 FR P -- -- -- -- -- -- -- -- 
2008 19 LMS I 491.9 0.02 0.13 6.00 6.50 14.50 90.8 83.6 
2008 19 LMS P -- -- -- -- -- -- -- -- 
1FR=Falling Rock; LMS = Little Millseat.  
2I=intermittent; P=perennial. 
3Drainage areas are as follows: FR-I=250,002 m2, FR-P=924,301 m2, LMS-I=269,976 m2, and LMS-P=789,955 m2. 
4CN=curve number (AMC II, l=0.2). 
5CN=curve number (AMC II, l=0.05). 




























Time (h) CN4 CN5 
2009 3 FR I  --6 --  --  --  --  --  --  -- 
2009 3 FR P 144.1 0.03 0.13 0.75 1.75 3.75 74.8 47.4 
2009 3 LMS I --  --  --  --  --  --  --  -- 
2009 3 LMS P 24.9 0.01 1.69 4.19 2.50 5.00 72.7 42.1 
2009 4 FR I --  --  --  --  --  --  --  -- 
2009 4 FR P 1,162.3 0.15 0.13 1.25 2.25 5.00 82.9 67.2 
2009 4 LMS I --  --  --  --  --  --  --  -- 
2009 4 LMS P -- -- -- -- -- -- -- -- 
2009 5 FR I --  --  --  --  --  --  --  -- 
2009 5 FR P 2,289.6 0.39 0.13 3.75 4.75 6.50 64.9 42.8 
2009 5 LMS I --  --  --  --  --  --  --  -- 
2009 5 LMS P 39.3 0.01 0.13 3.19 4.50 7.50 53.6 23.7 
2009 6 FR I --  --  --  --  --  --  --  -- 
2009 6 FR P 17.2 0.04 0.50 1.75 1.25 2.00 83.3 57.7 
2009 6 LMS I --  --  --  --  --  --  --  -- 
2009 6 LMS P 10.2 0.01 0.13 0.00 2.50 4.00 83.1 59.7 
2009 7 FR I --  --  --  --  --  --  --  -- 
2009 7 FR P 126.0 0.02 0.13 7.25 7.50 8.75 84.5 63.2 
2009 7 LMS I --  --  --  --  --  --  --  -- 
2009 7 LMS P 83.3 0.01 0.13 5.44 6.00 9.50 84.1 61.9 
2009 8 FR I 150.4 0.01 0.13 6.00 6.50 10.00 84.7 68.1 
2009 8 FR PER 1,076.9 0.10 0.75 6.00 5.25 8.75 87.1 75.1 

























Time (h) CN4 CN5 
2009 8 LMS P 53.5 0.01 0.13 0.00 5.50 10.50 80.1 53.9 
2009 9 FR I 358.2 0.06 0.50 2.25 1.75 3.75 79.7 62.1 
2009 9 FR P 2,324.6 0.36 0.50 2.25 1.75 3.75 82.8 69.9 
2009 9 LMS I 7.6 0.00 0.13 -0.86 3.00 5.00 70.2 38.9 
2009 9 LMS P 3.9 0.01 0.13 -0.31 1.00 4.00 69.2 36.7 
2009 10 FR I 44.4 0.01 0.13 1.00 1.25 3.75 58.4 29.9 
2009 10 FR P 427.6 0.07 0.13 1.00 3.25 6.00 60.7 32.7 
2009 10 LMS I 1.2 0.00 0.14 10.14 10.00 15.50 55.4 24.1 
2009 10 LMS P 16.6 0.02 1.19 3.69 2.50 4.00 56.0 25.1 
2009 11 FR I 960.3 0.06 0.75 13.00 12.25 13.75 62.0 41.0 
2009 11 FR P 5,280.5 0.29 0.13 13.00 13.75 15.25 65.4 47.1 
2009 11 LMS I 5.1 0.00 0.13 3.64 5.00 7.00 47.9 19.3 
2009 11 LMS P 182.7 0.02 2.19 7.19 5.00 15.00 50.4 22.7 
2009 12 FR I --  --  --  --  --  --  --  -- 
2009 12 FR P 81.3 0.01 1.25 3.75 2.50 6.50 81.0 56.0 
2009 12 LMS I --  --  --  --  --  --  --  -- 
2009 12 LMS P 16.2 0.01 1.94 3.94 2.00 6.50 79.6 51.4 
2009 13 FR I --  --  --  --  --  --  --  -- 
2009 13 FR P --  --  --  --  --  --  --  -- 
2009 13 LMS I -- -- -- -- -- -- -- -- 
2009 13 LMS P 362.1 0.04 2.15 8.40 6.25 8.00 81.4 60.9 
2009 14 FR I --  --  --  --  --  --  --  -- 

























Time (h) CN4 CN5 
2009 14 LMS INT --  --  --  --  --  --  --  -- 
2009 14 LMS P 177.8 0.01 0.13 8.65 9.50 15.75 80.7 57.5 
2009 15 FR I --  --  --  --  --  --  --  -- 
2009 15 FR P 173.6 0.02 0.13 4.00 5.25 7.50 85.7 66.4 
2009 15 LMS I --  --  --  --  --  --  --  -- 
2009 15 LMS P 298.4 0.04 0.15 3.40 3.25 5.25 87.2 71.5 
2009 16 FR I --  --  --  --  --  --  --  -- 
2009 16 FR P 941.7 0.58 0.25 5.75 5.50 7.75 80.2 61.7 
2009 16 LMS I --  --  --  --  --  --  --  -- 
2009 16 LMS P --  --  --  --  --  --  --  -- 
2010 1 FR I --  --  --  --  --  --  --  -- 
2010 1 FR P 1,628.9 0.06 1.00 6.50 5.50 12.50 89.7 81.3 
2010 1 LMS I --  --  --  --  --  --  --  -- 
2010 1 LMS P 197.0 0.02 0.13 3.00 3.25 5.75 83.2 62.4 
2010 2 FR I --  --  --  --  --  --  --  -- 
2010 2 FR P --  --  --  --  --  --  --  -- 
2010 2 LMS I --  --  --  --  --  --  --  -- 
2010 2 LMS P --  --  --  --  --  --  --  -- 
2010 3 FR I --  --  --  --  --  --  --  -- 
2010 3 FR P 2,114.9 0.12 0.13 6.75 7.25 15.25 90.4 83.4 
2010 3 LMS I --  --  --  --  --  --  --  -- 
2010 3 LMS P 3,162.8 0.13 0.13 6.75 8.50 16.50 93.3 89.7 

























Time (h) CN4 CN5 
2010 4 FR P 2,082.4 0.16 0.25 5.25 5.00 9.75 81.0 63.4 
2010 4 LMS I --  --  --  --  --  --  --  -- 
2010 4 LMS P 1,144.7 0.10 0.13 3.75 5.25 9.00 78.6 60.4 
2010 5 FR I --  --  --  --  --  --  --  -- 
2010 5 FR P 16,425.9 1.03 4.00 10.00 6.00 13.75 93.6 91.8 
2010 5 LMS I --  --  --  --  --  --  --  -- 
2010 5 LMS P 18,351.8 0.95 0.13 9.75 10.25 18.00 96.6 95.8 
2010 6 FR I --  --  --  --  --  --  --  -- 
2010 6 FR P 90.0 0.02 0.00 2.25 2.25 3.75 83.3 60.3 
2010 6 LMS I --  --  --  --  --  --  --  -- 
2010 6 LMS P 53.7 0.01 0.13 1.75 2.25 3.25 82.8 58.7 
2010 7 FR I --  --  --  --  --  --  --  -- 
2010 7 FR P 137.7 0.02 0.00 1.75 1.75 6.50 73.5 45.4 
2010 7 LMS I --  --  --  --  --  --  --  -- 
2010 7 LMS P 421.5 0.05 0.13 1.50 1.75 6.25 76.7 53.6 
2010 8 FR I --  --  --  --  --  --  --  -- 
2010 8 FR P 304.9 0.02 0.13 5.75 6.50 8.50 68.9 41.2 
2010 8 LMS I --  --  --  --  --  --  --  -- 
2010 8 LMS P 817.5 0.06 0.13 5.75 6.00 8.00 73.0 50.3 
2010 9 FR I --  --  --  --  --  --  --  -- 
2010 9 FR P 563.7 0.08 0.00 2.00 2.00 4.50 66.5 39.8 
2010 9 LMS I --  --  --  --  --  --  --  -- 

























Time (h) CN4 CN5 
2010 10 FR I --  --  --  --  --  --  --  -- 
2010 10 FR P 832.1 0.04 0.13 10.00 13.25 17.50 68.2 43.2 
2010 10 LMS I --  --  --  --  --  --  --  -- 
2010 10 LMS P 664.3 0.03 0.13 9.50 10.00 13.75 67.9 42.6 
2010 11 FR I --  --  --  --  --  --  --  -- 
2010 11 FR P 51.8 0.00 0.13 8.75 9.25 16.75 77.0 48.7 
2010 11 LMS I --  --  --  --  --  --  --  -- 
2010 11 LMS P 99.4 0.01 1.00 5.50 4.50 9.75 78.1 51.9 
2011 1 FR I --  --  --  --  --  --  --  -- 
2011 1 FR P 16,176.0 0.41 20.25 31.50 11.25 37.50 92.9 90.8 
2011 1 LMS I --  --  --  --  --  --  --  -- 
2011 1 LMS P --  --  --  --  --  --  --  -- 
2011 2 FR I --  --  --  --  --  --  --  -- 
2011 2 FR P 189.1 0.06 0.13 2.00 2.75 5.00 78.8 54.1 
2011 2 LMS I --  --  --  --  --  --  --  -- 
2011 2 LMS P 311.7 0.07 0.75 3.50 2.75 5.00 80.4 58.7 
2011 3 FR I --  --  --  --  --  --  --  -- 
2011 3 FR P 2,526.9 0.43 0.13 1.25 3.00 6.25 89.9 83.0 
2011 3 LMS I --  --  --  --  --  --  --  -- 
2011 3 LMS P 2,700.9 0.60 0.25 2.75 2.50 4.50 91.1 85.7 
2011 4 FR I --  --  --  --  --  --  --  -- 
2011 4 FR P 16,334.9 0.39 0.13 8.75 9.25 27.75 91.8 89.2 

























Time (h) CN4 CN5 
2011 4 LMS P 21,758.6 0.73 1.00 11.75 10.75 34.50 97.1 96.5 
2011 5 FR I --  --  --  --  --  --  --  -- 
2011 5 FR P 13,400.7 0.78 0.13 10.50 10.50 18.50 85.3 79.5 
2011 5 LMS I --  --  --  --  --  --  --  -- 
2011 5 LMS P 12,952.3 0.72 0.25 12.50 12.25 19.75 86.9 81.2 
2011 6 FR I --  --  --  --  --  --  --  -- 
2011 6 FR P 979.6 0.10 1.50 4.75 3.25 9.75 87.3 75.1 
2011 6 LMS I --  --  --  --  --  --  --  -- 
2011 6 LMS P 513.8 0.10 0.25 6.50 6.25 8.50 85.5 69.9 
2011 7 FR I --  --  --  --  --  --  --  -- 
2011 7 FR P 11,310.0 0.63 0.13 8.00 8.75 16.75 83.8 76.9 
2011 7 LMS I --  --  --  --  --  --  --  -- 
2011 7 LMS P --  --  --  --  --  --  --  -- 
2011 8 FR I --  --  --  --  --  --  --  -- 
2011 8 FR P 1,727.1 0.09 0.13 9.50 10.25 17.00 81.1 65.6 
2011 8 LMS I --  --  --  --  --  --  --  -- 
2011 8 LMS P 12,713.7 0.27 1.00 19.25 18.25 26.50 97.0 96.4 
2011 9 FR I --  --  --  --  --  --  --  -- 
2011 9 FR P 103.4 0.03 0.13 0.75 1.50 3.25 77.9 51.4 
2011 9 LMS I --  --  --  --  --  --  --  -- 
2011 9 LMS P 297.8 0.04 1.00 2.75 1.75 5.25 80.5 58.8 
2011 10 FR I --  --  --  --  --  --  --  -- 

























Time (h) CN4 CN5 
2011 10 LMS I --  --  --  --  --  --  --  -- 
2011 10 LMS P 231.5 0.05 1.00 3.25 2.25 4.50 80.4 57.9 
2011 11 FR I --  --  --  --  --  --  --  -- 
2011 11 FR P 1,718.7 0.14 0.13 5.00 6.00 10.00 90.7 83.4 
2011 11 LMS I --  --  --  --  --  --  --  -- 
2011 11 LMS P 1,219.5 0.12 1.25 4.75 3.50 8.00 89.9 81.3 
2011 12 FR I --  --  --  --  --  --  --  -- 
2011 12 FR P 471.0 0.05 0.13 4.50 5.25 10.75 87.4 72.9 
2011 12 LMS I --  --  --  --  --  --  --  -- 
2011 12 LMS P --  --  --  --  --  --  --  -- 
2011 13 FR I --  --  --  --  --  --  --  -- 
2011 13 FR P 40.8 0.01 0.13 1.25 2.50 4.50 81.7 56.0 
2011 13 LMS I --  --  --  --  --  --  --  -- 
2011 13 LMS P 45.0 0.01 0.13 2.50 5.25 9.75 82.0 57.0 
2011 14 FR I --  --  --  --  --  --  --  -- 
2011 14 FR P 575.1 0.04 0.25 4.00 3.75 11.75 75.1 51.6 
2011 14 LMS I --  --  --  --  --  --  --  -- 
2011 14 LMS P 1,546.9 0.12 2.00 5.75 3.75 16.75 80.4 64.7 
2011 15 FR I --  --  --  --  --  --  --  -- 
2011 15 FR P 356.8 0.04 0.13 1.00 4.25 9.50 78.5 55.4 
2011 15 LMS I --  --  --  --  --  --  --  -- 
2011 15 LMS P 938.8 0.07 0.25 3.00 2.75 13.00 82.6 66.6 

























Time (h) CN4 CN5 
2011 16 FR P 756.4 0.03 1.00 4.25 3.25 10.75 86.3 72.3 
2011 16 LMS I --  --  --  --  --  --  --  -- 
2011 16 LMS P 2,783.8 0.07 1.00 19.00 18.00 27.75 92.8 88.7 
2011 17 FR I --  --  --  --  --  --  --  -- 
2011 17 FR P 1,376.2 0.03 0.13 17.00 22.75 43.25 86.6 75.0 
2011 17 LMS I --  --  --  --  --  --  --  -- 
2011 17 LMS P 9,395.3 0.25 12.50 32.75 20.25 29.25 98.3 97.9 
2011 18 FR I --  --  --  --  --  --  --  -- 
2011 18 FR P 138.5 0.01 0.13 8.25 9.75 13.25 79.8 55.1 
2011 18 LMS I --  --  --  --  --  --  --  -- 
2011 18 LMS P -- -- -- -- -- -- -- -- 
2011 19 FR I --  --  --  --  --  --  --   
2011 19 FR P 1,516.7 0.05 0.13 15.25 16.75 29.75 69.4 47.0 
2011 19 LMS I --  --  --  --  --  --  --  -- 
2011 19 LMS P 2,059.1 0.06 0.13 19.75 21.00 30.25 72.2 53.0 
2011 20 FR I --  --  --  --  --  --  --  -- 
2011 20 FR P 439.3 0.01 0.13 15.00 16.00 22.00 86.3 70.4 
2011 20 LMS I --  --  --  --  --  --  --  -- 
2011 20 LMS P -- -- -- -- -- -- -- -- 
2011 21 FR I --  --  --  --  --  --  --  -- 
2011 21 FR P 1,300.5 0.02 0.13 9.25 10.00 42.75 88.2 77.7 
2011 21 LMS I --  --  --  --  --  --  --  -- 

























Time (h) CN4 CN5 
2011 22 FR I --  --  --  --  --  --  --  -- 
2011 22 FR P 656.2 0.02 0.13 14.00 15.00 25.00 82.8 65.1 
2011 22 LMS I --  --  --  --  --  --  --  -- 
2011 22 LMS P 290.1 0.02 0.25 7.00 6.75 11.50 80.7 59.1 
2013 1 FR I --  --  --  --  --  --  --  -- 
2013 1 FR P 9,410.1 0.59 0.13 6.00 6.75 12.00 88.2 83.0 
2013 1 LMS I --  --  --  --  --  --  --  -- 
2013 1 LMS P 10,788.9 0.53 0.13 5.50 8.00 16.75 91.2 88.1 
2013 2 FR I --  --  --  --  --  --  --  -- 
2013 2 FR P 2,321.8 0.10 0.13 14.25 15.50 26.00 86.0 75.5 
2013 2 LMS I --  --  --  --  --  --  --  -- 
2013 2 LMS P 1,032.4 0.07 3.25 13.50 10.25 16.00 82.5 66.8 
2013 3 FR I --  --  --  --  --  --  --  -- 
2013 3 FR P 146.6 0.03 0.13 3.25 6.00 8.50 85.0 64.7 
2013 3 LMS I --  --  --  --  --  --  --  -- 
2013 3 LMS P 135.9 0.02 0.13 3.25 5.25 7.25 85.2 65.2 
2013 4 FR I --  --  --  --  --  --  --  -- 
2013 4 FR P 540.2 0.10 0.13 2.75 3.75 5.75 74.9 51.1 
2013 4 LMS I --  --  --  --  --  --  --  -- 
2013 4 LMS P 237.7 0.00 0.13 2.75 5.00 6.50 72.9 46.2 
2013 5 FR I --  --  --  --  --  --  --  -- 
2013 5 FR P 1,491.8 0.17 1.00 5.00 4.00 7.50 88.5 78.9 

























Time (h) CN4 CN5 
2013 5 LMS P 1,209.7 0.12 0.13 4.25 5.25 9.25 88.3 78.2 
2013 6 FR I --  --  --  --  --  --  --  -- 
2013 6 FR P 2,154.7 0.11 0.13 7.99 8.75 16.25 84.2 72.0 
2013 6 LMS I --  --  --  --  --  --  --  -- 
2013 6 LMS P 2,269.1 0.09 0.13 7.74 11.25 20.75 85.4 75.0 
2013 7 FR I --  --  --  --  --  --  --  -- 
2013 7 FR P -- -- -- -- -- -- -- -- 
2013 7 LMS I --  --  --  --  --  --  --  -- 
2013 7 LMS P 754.6 0.03 0.13 16.99 18.50 28.75 82.2 64.9 
2013 8 FR I --  --  --  --  --  --  --  -- 
2013 8 FR P --  --  --  --  --  --  --  -- 
2013 8 LMS I --  --  --  --  --  --  --  -- 
2013 8 LMS P --  --  --  --  --  --  --  -- 
2013 9 FR I --  --  --  --  --  --  --  -- 
2013 9 FR P 131.2 0.03 0.13 1.24 2.50 4.25 85.2 64.7 
2013 9 LMS I --  --  --  --  --  --  --  -- 
2013 9 LMS P 119.7 0.02 0.13 1.49 2.50 3.75 85.3 65.1 
2013 10 FR I --  --  --  --  --  --  --  -- 
2013 10 FR P 118.0 0.02 0.13 1.74 3.00 5.50 81.3 57.2 
2013 10 LMS I --  --  --  --  --  --  --  -- 
2013 10 LMS P 163.6 0.02 0.13 1.74 2.75 6.00 82.2 60.0 
2013 11 FR I --  --  --  --  --  --  --  -- 

























Time (h) CN4 CN5 
2013 11 LMS I --  --  --  --  --  --  --  -- 
2013 11 LMS P 161.2 0.02 0.13 4.24 5.25 6.50 75.4 48.8 
2013 12 FR I --  --  --  --  --  --  --  -- 
2013 12 FR P 1,093.4 0.03 0.13 13.49 14.25 26.75 83.8 68.8 
2013 12 LMS I --  --  --  --  --  --  --  -- 
2013 12 LMS P 4,286.3 0.08 0.13 32.74 33.75 48.75 92.3 88.5 
2013 13 FR I --  --  --  --  --  --  --  -- 
2013 13 FR P 170.9 0.03 0.13 0.99 1.75 4.50 78.0 52.6 
2013 13 LMS I --  --  --  --  --  --  --  -- 
2013 13 LMS P 192.0 0.03 0.13 0.99 2.00 4.50 78.6 54.3 
2013 14 FR I --  --  --  --  --  --  --  -- 
2013 14 FR P 304.8 0.07 0.13 0.74 1.50 2.75 79.1 56.0 
2013 14 LMS I --  --  --  --  --  --  --  -- 
2013 14 LMS P 567.7 0.12 0.13 0.24 2.50 4.50 81.6 62.8 
2013 15 FR I --  --  --  --  --  --  --  -- 
2013 15 FR P 11,587.0 0.50 0.13 16.98 17.75 24.25 81.3 75.8 
2013 15 LMS I --  --  --  --  --  --  --  -- 
2013 15 LMS P 11,188.6 0.45 0.13 16.73 17.50 26.75 82.9 73.1 
2013 16 FR I --  --  --  --  --  --  --  -- 
2013 16 FR P 90.5 0.02 0.13 0.75 1.75 3.75 83.0 59.8 
2013 16 LMS I --  --  --  --  --  --  --  -- 
2013 16 LMS P 70.5 0.01 0.13 1.25 3.50 4.50 82.9 59.3 

























Time (h) CN4 CN5 
2013 17 FR P 46.5 0.01 0.13 2.00 2.75 7.00 84.1 60.6 
2013 17 LMS I --  --  --  --  --  --  --  -- 
2013 17 LMS P 9.2 0.00 0.13 1.00 2.50 3.75 83.0 56.8 
2013 18 FR I --  --  --  --  --  --  --  -- 
2013 18 FR P 124.0 0.01 0.13 3.49 4.50 8.00 80.2 55.5 
2013 18 LMS I --  --  --  --  --  --  --  -- 
2013 18 LMS P 138.2 0.01 0.13 3.74 5.50 9.00 80.7 56.9 
1FR=Falling Rock; LMS = Little Millseat.  
2I=intermittent; P=perennial. 
3Drainage areas are as follows: FR-I=250,002 m2, FR-P=924,301 m2, LMS-I=269,976 m2, and LMS-P=789,955 m2. 
4CN=curve number (AMC II, l=0.2). 
5CN=curve number (AMC II, l=0.05). 








APPENDIX D: HYETOGRAPHS AND HYDROGRAPHS FOR FALLING 




Figure D.1: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 1).  
 


















































Figure D.2: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 2).  
 




















































Figure D.3: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 3).  
 

















































Figure D.4: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 6).  
 



















































Figure D.5: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 7).  
 



















































Figure D.6: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 8).  
 




















































Figure D.7: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 11).  
 


















































Figure D.8: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 16).  
 


















































Figure D.9: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 17).  
 






















































Figure D.10: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 18).  
 



















































Figure D.11: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 19).  
 





















































Figure D.12: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 20).  
 




















































Figure D.13: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 21).  
 



















































Figure D.14: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 22).  
 




















































Figure D.15: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 23).  
 


















































Figure D.16: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 24).  
 
















































Figure D.17: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 25).  
 


















































Figure D.18: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 27).  
 





















































Figure D.19: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 1).  
 



















































Figure D.20: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 2).  
 


















































Figure D.21: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 3).  
 


















































Figure D.22: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 4).  
 

















































Figure D.23: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 5).  
 

















































Figure D.24: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 6).  
 



















































Figure D.25: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 7).  
 


















































Figure D.26: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 8).  
 


















































Figure D.27: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 9).  
 


















































Figure D.28: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 10).  
 


















































Figure D.29: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 11).  
 



















































Figure D.30: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 7).  
 


















































Figure D.31: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 8).  
 

















































Figure D.32: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 9).  
 

















































Figure D.33: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 10).  
 


















































Figure D.34: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 12).  
 


















































Figure D.35: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 13).  
 


















































Figure D.36: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 15).  
 

















































Figure D.37: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 1).  
 



















































Figure D.38: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 2).  
 
















































Figure D.39: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 3).  






















































Figure D.40: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 5).  
 




















































Figure D.41: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 8).  
 

















































Figure D.42: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 8).  
 















































Figure D.43: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 9).  
 

















































Figure D.44: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 10).  
 



















































Figure D.45: Falling Rock (FR) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 11).  
 

















































Figure D.46: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 5).  
 




















































Figure D.47: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 6).  
 


















































Figure D.48: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 7).  
 















































Figure D.49: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 8). 
 

















































Figure D.50: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 9). 




















































Figure D.51: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 11).  
 
















































Figure D.52: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 12).  
 
















































Figure D.53: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 13).  
 




















































Figure D.54: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 14).  
 

















































Figure D.55: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 15).  
 

















































Figure D.56: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 16).  
 



















































Figure D.57: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 17).  
 




















































Figure D.58: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 18).  
 


















































Figure D.59: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 19).  
 




















































Figure D.60: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 20).  
 



















































Figure D.61: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 21).  
 


















































Figure D.62: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 22).  
 


















































Figure D.63: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 23).  
 


















































Figure D.64: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 24).  
 
















































Figure D.65: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 26).  
 

















































Figure D.66: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2004, 
Storm Event 27).  
 
































Figure D.67: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 1).  
 



















































Figure D.68: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 2).  
 



















































Figure D.69: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 3).  
 




















































Figure D.70: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 4).  
 


















































Figure D.71: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 5).  
 




















































Figure D.72: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 6).  
 



















































Figure D.73: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 7).  
 



















































Figure D.74: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 8).  
 





















































Figure D.75: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2005, 
Storm Event 12).  
 



















































Figure D.76: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 6).  
 





















































Figure D.77: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 7).  
 




















































Figure D.78: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 8).  
 



















































Figure D.79: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 9).  
 


















































Figure D.80: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 10).  
 





















































Figure D.81: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 11).  
 




















































Figure D.82: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 12).  
 




















































Figure D.83: Falling Rock (FR)  (Perennial Reach) Hyetograph and Hydrograph (Year 2006, 
Storm Event 15).  
 
















































Figure D.84: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 5).  
 


















































Figure D.85: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 6).  
 

















































Figure D.86: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 7).  
 




















































Figure D.87: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 8).  





















































Figure D.88: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 11).  
 

















































Figure D.89: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 12).  
 


















































Figure D.90: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 13).  





















































Figure D.91: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 15).  
 


















































Figure D.92: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 16).  
 



















































Figure D.93: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 17).  
 


















































Figure D.94: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 3).  
 

















































Figure D.95: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 4).  
 
















































Figure D.96: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 5).  
 



















































Figure D.97: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 6).  
 

















































Figure D.98: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 7).  
 


















































Figure D.99: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 8).  
 


















































Figure D.100: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 9).  
 

















































Figure D.101: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 10).  
 


















































Figure D.102: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 11).  
 

















































Figure D.103: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 12).  
 


















































Figure D.104: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 14).  
 

















































Figure D.105: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 15).  
 


















































Figure D.106: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2009, 
Storm Event 16).  
 

















































Figure D.107: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 1).  
 


















































Figure D.108: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 3).  
 


















































Figure D.109: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 4).  
 


















































Figure D.110: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 5).  
 



















































Figure D.111: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 6).  
 


















































Figure D.112: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 7).  
 

















































Figure D.113: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 8).  
 

















































Figure D.114: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 9).  
 



















































Figure D.115: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2010, 
Storm Event 10).  
 

















































Figure D.116: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 11).  
 


















































Figure D.117: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 1).  
 

















































Figure D.118: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 2).  
 


















































Figure D.119: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 3).  
 



















































Figure D.120: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 4).  
 

















































Figure D.121: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 5).  
 


















































Figure D.122: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 6).  
 



















































Figure D.123: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 7).  
 
















































Figure D.124: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 8).  
 

















































Figure D.125: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 9).  
 

















































Figure D.126: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 10).  
 



















































Figure D.127: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 11).  
 
















































Figure D.128: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 12).  
 


















































Figure D.129: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 13).  
 


















































Figure D.130: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 14).  
 

















































Figure D.131: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 15).  
 

















































Figure D.132: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 16).  
 

















































Figure D.133: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 17).  
 

















































Figure D.134: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 18).  
 
















































Figure D.135: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 19).  
 



















































Figure D.136: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 20).  
 



















































Figure D.137: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 21).  
 



















































Figure D.138: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2011, 
Storm Event 22).  
 


















































Figure D.139: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 1).  
 


















































Figure D.140: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 2).  
 



















































Figure D.141: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 3).  
 

















































Figure D.142: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 4).  
 


















































Figure D.143: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2008, 
Storm Event 5).  
 

















































Figure D.144: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 6).  





















































Figure D.145: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 9).  
 




















































Figure D.146: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 10).  
 


















































Figure D.147: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 11).  
 

















































Figure D.148: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 12).  
 

















































Figure D.149: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 13).  
 



















































Figure D.150: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 14).  
 
















































Figure D.151: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 15).  
 


















































Figure D.152: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 16).  
 


















































Figure D.153: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 17).  
 















































Figure D.154: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2013, 
Storm Event 18).  
 



















































Figure D.155: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 6).  
 


















































Figure D.156: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 7.  
 

















































Figure D.157: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 8).  





















































Figure D.158: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 11).  
 
















































Figure D.159: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 12).  
 
















































Figure D.160: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 13).  
 


















































Figure D.161: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 15).  
 

















































Figure D.162: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 16).  
 

















































Figure D.163: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 18).  
 



















































Figure D.164: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 24).  
 


















































Figure D.165: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 25).  
 

















































Figure D.166: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 27).  
 





















































Figure D.167: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 1).  
 





















































Figure D.168: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 2).  
 
















































Figure D.169: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 3).  






















































Figure D.170: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 6).  
 



















































Figure D.171: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 7).  
 



















































Figure D.172: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 8).  
 


















































Figure D.173: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 9).  
 

















































Figure D.174: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 10).  



















































Figure D.175: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 12).  
 

















































Figure D.176: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 3).   
 
















































Figure D.177: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 6).  
 


















































Figure D.178: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 12).  
 




















































Figure D.179: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 15).  
 


















































Figure D.180: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 1).  
 



















































Figure D.181: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 2).  
 


















































Figure D.182: Little Millseat (LMS)  (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 3).  
 


















































Figure D.183: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 4).  
 
















































Figure D.184: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 5).  
 


















































Figure D.185: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 6).  
 



















































Figure D.186: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 8).  
 
















































Figure D.187: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 9).  
 















































Figure D.188: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 11).  
 

















































Figure D.189: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 12).  
 


















































Figure D.190: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 13).  
 



















































Figure D.191: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 14).  
 

















































Figure D.192: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 15).  
 

















































Figure D.193: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 16).  
 

















































Figure D.194: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 17).  
 


















































Figure D.195: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 18).  
 



















































Figure D.196: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 19).  
 





















































Figure D.197: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 8).  
 

















































Figure D.198: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 9).  
 



















































Figure D.199: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 10).  
 



















































Figure D.200: Little Millseat (LMS) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 11).  
 

















































Figure D.201: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 6).  
 



















































Figure D.202: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 7).  
 

















































Figure D.203: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 8).  
 

















































Figure D.204: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 9).  
 

















































Figure D.205: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 10).  
 
















































Figure D.206: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 11).  
 
















































Figure D.207: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 16).  
 

















































Figure D.208: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 17).  
 



















































Figure D.209: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 18).  
 


















































Figure D.210: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 21).  
 



















































Figure D.211: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 22).  
 



















































Figure D.212: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 23).  
 


















































Figure D.213: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 24).  
 

















































Figure D.214: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 25).  
 



















































Figure D.215: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 26).  
 

















































Figure D.216: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 27).  
 



















































Figure D.217: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 1).  
 

















































Figure D.218: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 2).  
 



















































Figure D.219: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 3).  
 




















































Figure D.220: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 4).  
 

















































Figure D.221: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 5).  
 


















































Figure D.222: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 6).  
 


















































Figure D.223: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 8).  
 

















































Figure D.224: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2004, Storm Event 9).  
 


















































Figure D.225: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 10).  
 



















































Figure D.226: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 11).  
 
















































Figure D.227: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2005, Storm Event 12).  
 


















































Figure D.228: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 5).  
 

















































Figure D229: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 6).  
 


















































Figure D.230: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 7).  
 



















































Figure D.231: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 8).  
 

















































Figure D.232: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 9).  
 
















































Figure D.234: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 10).  
 

















































Figure D.235: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 11).  
 


















































Figure D.236: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 13).  
 


















































Figure D.237: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2006, Storm Event 15).  
 


















































Figure D.238: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 5).  
 


















































Figure D.239: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 6).  
 



















































Figure D.240: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 7).  
 


















































Figure D.241: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 8).  
 
















































Figure D.242: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 9).  
 

















































Figure D.243: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 11).  
 


















































Figure D.244: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 12).  
 

















































Figure D.245: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 13).  
 



















































Figure D.246: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 14).  
 



















































Figure D.247: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 15).  
 

















































Figure D.248: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 16).  
 



















































Figure D.249: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2008, Storm Event 17).  
 


















































Figure D.250: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 3). 
 

















































Figure D.251: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 5).  
 


















































Figure D.252: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 6).  
 
















































Figure D.253: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 7).  
 

















































Figure D.254: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 8).  
 

















































Figure D.255: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 9).  
 


















































Figure D.256: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 10).  
 


















































Figure D.257: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 11).  
 















































Figure D.258: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 12).  
 




















































Figure D.259: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 13).  
 



















































Figure D.260: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 14).  
 
















































Figure D.261: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2009, Storm Event 15).  
 

















































Figure D.262: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 1).  
 



















































Figure D.263: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 3).  
 


















































Figure D.264: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 4).  
 




















































Figure D.265: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 5).  
 


















































Figure D.266: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 6).  
 


















































Figure D.267: Little Millseat (LMS)  (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 7).  
 



















































Figure D.268: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 8).  
 
















































Figure D.269: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 9).  
 
 



















































Figure D.270: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 10).  
 
 

















































Figure D.271: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 11).  
 
 

















































Figure D.272: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 2).  
 
 



















































Figure D.273: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 3).  
 

















































Figure D.274: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 4).  
 

















































Figure D.275: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 5).  
 


















































Figure D.276: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 6).  
 

















































Figure D.277: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 8). 
 
















































Figure D.278: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 9).  
 

















































Figure D.279: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 10).  
 

















































Figure D.280: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 11).  
 


















































Figure D.281: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 13).   
 

















































Figure D.282: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 14).  
 















































Figure D.283: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 15).  
 


















































Figure D.284: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 16).  
 
















































Figure D.285: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 17).  
 

















































Figure D.286: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 19).  
 


















































Figure D.287: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 21).  
 


















































Figure D.288: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 22). 
 



















































Figure D.289: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 1).   
 
















































 Figure D.290: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 2).  
 


















































Figure D.291: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 3).  
 

















































Figure D.292: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 4).  
 

















































Figure D.293: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 5).  
 


















































Figure D.294: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 6).  
 


















































Figure D.295: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 7).  
 


















































Figure D.296: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 9).  
 




















































Figure D.297: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 10).  
 



















































Figure D.298: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 11).  
 
















































Figure D.299: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 12).  
 


















































Figure D.300: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 13).  
 
















































Figure D.301: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 14).  
 















































Figure D.302: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 15).  
 


















































Figure D.303: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 16).  
 
















































Figure D.304: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 17).  
 


















































Figure D.305: Little Millseat (LMS) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 18).  
 


















































APPENDIX E: HYETOGRAPHS AND HYDROGRAPHS FOR FALLING 




Figure E.1: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 1).  
 


















































Figure E.2: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 2).  
 



















































Figure E.3: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 3).  
 


















































Figure E.4: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 4).  
 




















































Figure E.5: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 7).  
 



















































Figure E.6: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 8).  
 















































Figure E.7: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 9).  
 




















































Figure E.8: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 10).  
 




















































Figure E.9: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 11).  
 



















































Figure E.10: Falling Rock (FR) (Perennial Reach) Hyetograph and Hydrograph (Year 2012, 
Storm Event 12).  
 

















































Figure E.11: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 1).  
 




















































Figure E.12: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 2).  
 

















































Figure E.13: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 3).  
 

















































Figure E.14: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 4).  
 



















































Figure E.15: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 6).  
 



















































Figure E.16: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 7).  
 



















































Figure E.17: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 8).  
 

















































Figure E.18: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 3).  
 


















































Figure E.19: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 7).  
 
















































Figure E.20: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 8).  
 


















































Figure E.21: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 11).  
 
















































Figure E.22: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 13).  
 


















































Figure E.23: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 15).  
 

















































Figure E.24: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 16).  
 
















































Figure E.25: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 19).  
 


















































Figure E.26: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 1).  
 
















































Figure E.27: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 2).  
 


















































Figure E.28: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 8). 
  

















































Figure E.29: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 9).  
 


















































Figure E.30: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 11).  
 



















































Figure E.31: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 12).  
 

















































Figure E.32: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 3).  
 

















































Figure E.33: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 4).  
 


















































Figure E.34: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 5).  
 


















































Figure E.35: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 6).  
 


















































Figure E.36: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 9).  
 



















































Figure E.37: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 10).  
 


















































Figure E.38: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 11).  
 

















































Figure E.39: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 12).  
 

















































Figure E.40: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 13).  
 
















































Figure E.41: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 14).  
 

















































Figure E.42: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 15).  
 


















































Figure E.43: Guy Cove 01 (GC01) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 16).  
 















































Figure E.44: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 2).  
 

















































Figure E.45: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 3).  
 




















































Figure E.46: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 4).  
 



















































Figure E.47: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 7).  
 



















































Figure E.48: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 2).  
 


















































Figure E49: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 3).  
 

















































Figure E.50: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 6).  
 


















































Figure E.51: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 7).  
 
















































Figure E.52: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 8).  
 


















































Figure E.53: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 9).  
 


















































Figure E.54: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 10).  
 




















































Figure E.55: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 11).  
 

















































Figure E.56: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 17).  
 

















































Figure E.57: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 22).  
 

















































Figure E.58: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 3).  
 

















































Figure E.59: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 4).  
 



















































Figure E.60: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 2). 
 


















































Figure E.61: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 4).  
 

















































Figure E.62: Guy Cove 02 (GC02) (Intermittent Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 5).  
 

















































Figure E.63: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 2).  
 
















































Figure E.64: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 3).  
 



















































Figure E.65: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 4).  
 



















































Figure E.66: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 6).  
 


















































Figure E.67: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 7).  
 



















































Figure E.68: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 8).  
 
















































Figure E.69: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 9).  
 


















































Figure E.70: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 10).  
 
















































Figure E.71: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 11).  
 


















































Figure E.72: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 12).  
 

















































Figure E.73: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 13).  
 

















































Figure E.74: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 3).  
 




















































Figure E.75: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 6).  
 



















































Figure E.76: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 7).  
 
















































Figure E.77: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 8).  
 
















































Figure E.78: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 9).  
 


















































Figure E.79: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 10).  
 


















































Figure E.80: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 11).  
 


















































Figure E.81: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 12).  
 

















































Figure E.182: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 15).  
 
















































Figure E.83: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 16).  
 

















































Figure E.84: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 13).  
 















































Figure E.85: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 19).  
 


















































Figure E.86: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 21).  
 

















































Figure E.87: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 22).  
 


















































Figure E.88: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 1).  
 

















































Figure E.89: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 4).  
 



















































Figure E.90: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 6).  
 















































Figure E.91: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 7).  
 

















































Figure E.92: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 8).  
 
















































Figure E.93: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 9). 
  



















































Figure E.94: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 10).  
 



















































Figure E.95: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 11).  
 




















































Figure E.96: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 12).  
 

















































Figure E.97: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 2).  
 




















































Figure E.98: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 3).  
 


















































Figure E.99: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 4).  
 
















































Figure E.100: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 5).  
 

















































Figure E.101: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 6).  
 



















































Figure E.102: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 8).  
 


















































Figure E.103: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 9).  
 

















































Figure E.104: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 10).  
 

















































Figure E.105: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 11).  
 


















































Figure E.106: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 12).  
 


















































Figure E.107: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 13).  
 


















































Figure E.108: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 15).  
 
















































Figure E.109: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 16).  
 

















































Figure E.110: Guy Cove 03 (GC03) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 17).  
 



















































Figure E.111: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 3).  
 


















































Figure E.112: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 6).  
 



















































Figure E.113: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 7).  
 



















































Figure E.114: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 8).  
 


















































Figure E.115: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 9).  
 



















































Figure E.116: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 10).  
 
















































Figure E.117: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 11).  
 


















































Figure E.118: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 12).  
 



















































Figure E.119: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2010, Storm Event 13).  
 

















































Figure E.110: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 2).  
 



















































Figure E.111: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 9).  
 


















































Figure E.112: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 10).  
 




















































Figure E.113: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 11).  
 


















































Figure E.114: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 12).  
 


















































Figure E.115: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 13).  
 
















































Figure E.116: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 15).  
 
















































Figure E.117: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 16).  
 

















































Figure E.118: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 17).  
 

















































Figure E.119: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 18).  
 

















































Figure E.120: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 19).  
 

















































Figure E.121: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 21).  
 


















































Figure E.122: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2011, Storm Event 22).  
 


















































Figure E.123: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 1).  
 


















































Figure E.124: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 2).  
 
















































Figure E.125: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 3).  
 

















































Figure E.126: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 6).  
 


















































Figure E.127: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 7).  
 



















































Figure E.128: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 10).  
 


















































Figure E.129: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 11).  
 


















































Figure E.130: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2012, Storm Event 12).  
 


















































Figure E.131: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 3).  
 
















































Figure E.132: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 4).  
 

















































Figure E.133: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 6).  
 

















































Figure E.134: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 9).  
 


















































Figure E.135: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 12).  
 

















































Figure E.136: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 13).  
 
















































Figure E.137: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 15).  
 


















































Figure E.138: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 16).  
 

















































Figure E.139: Wharton Branch (WB) (Perennial Reach) Hyetograph and Hydrograph (Year 
2013, Storm Event 17).  
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